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Highway Capacity: 
Practical Applications of Research 

BY THE COMMITTEE ON HIGHWAY CAPACITY 

DEPARTMENT OF TRAFFIC AND OPERATIONS 

HIGHWAY RESEARCH BOARD 

Reported by 

0. K. NORMANN, Chairman, 
Chief, Section of Traffic Operations, 

Highway Transport Research Branch, 

Bureau of Public Roads 

and W. P. WALKER, Secretary, 
Highway Engineer, 

Highway Transport Research Branch, 

Bureau of Public Roads 

Part V.—Signalized Intersections 

INTRODUCTION 

In part iv it was shown that the basic 

capacity of any highway facility is seldom 

achieved because of the effect of a large 

number of variable factors that tend to act as 

retardants to free vehicular movements. 

These variable factors were enumerated and 

measures of their effect have, in some cases, 

already been determined. One of the more 

important elements limiting the capacity of 

any facility, especially that of city streets, is 

the intersection at grade. Because of the 

many variations in the lay-out of intersections 

_and the multiplicity of impediments which are 

usually inherent in city traffic, the capacity 

of intersections is here treated as a separate 

subject. 

The Highway Capacity Committee found 

that very little material had been published 

on this subject, so it was necessary that some 

research be performed before satisfactory data 

could be assembled. In addition to the data 

collected by committee members, a _ large 

amount of material was furnished by most 

of the State highway departments, and by 

officials of many cities, as a result of solicita- 

tion by the Bureau of Public Roads. Some 

cities, including Chicago, Philadelphia, Mil- 

waukee, and Washington, assigned several 

men to the task of obtaining information on 

a scale never before attempted. The analysis 

represents the conditions reported for hundreds 

“of intersections and many months of tedious 

work by the Bureau of Public Roads. There 

will, of course, be additions and refinements to 

this report which may be issued as supple- 

ments as further analyses are made or as more 

data for specific conditions become available. 

There is little possibility, however, that 

additional data obtained within any reason- 

able length of time will materially change the 

present results. 

There are certain factors that influence 

intersection capacities for which there are 

no available data. Particularly perplexing 

859232—49——1 

A city street loaded to its possible capacity during rush hour. 

among these is the extent to which environ- 

mental and operating characteristics, which 

might vary widely between different localities, 

influence the number of vehicles that can pass 

through an intersection in a period of time. 

Local traffic regulations, the degree of enforce- 

ment, and the education and training of drivers 

are among the elements that comprise these 

environmental conditions which cannot be 

evaluated from the material at hand. Their 

average effect, however, is included. 

The number of usable observations for some 

of the conditions covered is less than would be 

desirable, but the results have in all cases been 

based on far more information than has here- 

tofore been available. 

UNITS FOR EXPRESSING SIGNALIZED 

INTERSECTION CAPACITY 

Current practice in expressing intersection 

capacity varies widely among individuals and 

this accounts in part for some of the con- 

troversies that have been known to develop in 

the past over the numbers of vehicles that 

can clear an intersection in an hour, It is 

important that the reader have an under- 

standing of the units of measure used in this 

report, for otherwise the results are subject 

to misinterpretation. 

Basically, an intersection consists of an 

intersection area and a number of legs or road- 

ways on which vehicles approach and leave 

the intersection area. The traffic signals limit 

the number of approaches on which vehicles 

may move at one time, whereas the use of 

exit lanes is generally not restricted by the 

traffic signal. 

At some locations, where all legs are not 

of the same width or where traffic backs up 

from an adjacent intersection, the capacity 

of the intersection may be dependent upon 

the capacity of the exit roadways. Gen- 

erally, however, the capacity of the ap- 

proaches controls the capacity of the inter- 

section. It is also seldom that all approaches 

are burdened to their full capacities simultane- 

ously. The maximum total volume from all 

approaches might conceivably occur when no 

one of the approaches was congested. It is 

appropriate, therefore, that intersection ca- 

pacity be thought of in terms of the capacity 

of each of the approaches. 

The number of vehicles that can enter an 

intersection is dependent upon a large number 
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A downtown street in a large city during an off-peak period. The traffic load is near the 

practical capacity of the intersection. 

of factors, some of which are variable while 

others are fixed or semifixed. Mere numbers 

of vehicles are of little value unless they are 

accompanied by sufficient information to per- 

mit their evaluation in consideration of these 

factors. As a minimum requirement, a unit 

of time and a unit of roadway width are 

essential. These two units, together with the 

number of vehicles, can be incorporated in an 

expression of the rate of flow relative to time 

and street width. 

That portion of time occupied by the red or 

stop signal indication has no utility value 

insofar as the traffic which it holds at a stand- 

still is concerned. This fixed portion of the 

time is lost to that traffic, there being a zero 

rate of flow. Hence, only the time during 

which the signal is green (the Go signal) is 

used in calculating rates of flow, and the hour 

of green is the unit in which it is expressed. 

By applying the fraction of the total time 

that the green for a particular 

movement to a known rate of flow in terms 

of vehicles per hour of green, the number of 

vehicles that can enter the intersection from 

that approach during 1 hour of total elapsed 

time can be readily calculated. In applying 

the capacity values given later in the report, 

the reader is cautioned’ against adding the 

amber time or any portion thereof to the green 

time in calculating the percentage of the total 

signal cycle Which traffic on one 

approach leg of the intersection is free to move. 

signal is 

during 

This would produce erroneous results because 

vehicles that entered during the amber period 

have been combined with those that entered 

during the green period to obtain the hourly 

rates shown in this report. 

The basic unit of width used in expressing 

the capacity of roadways is the traffie lane. 

When the analysis of the intersection data 

was also believed that the 

number of lanes would be a most important 

controlling factor and that streets of certain 

widths which would provide for an even 

number of 9- to 11-foot lanes would be more 

efficient 

begun, it was 

than streets that were somewhat 

narrower or wider. It was believed, for 

example, that a street with a clear width 
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between curbs of 20 feet for one lane in each 

direction or a clear width of 40 feet for two 

lanes in each direction would be much more 

efficient per foot of width than, for example, 

a street 27, feet wide for two-directional flow. 

Trial analysis of the data revealed, however, 

that intersection capacity varies in almost 

direct ratio with the width of the approach, 

measured from the curb line, and that the 

results for comparable traffic conditions were 

more consistent when based on the capacity 

per foot of width than when based on the 

capacity per traffic lane. 

For example, a 64-foot street had the same 

capacity per foot of width if it was striped for 

either eight or six lanes, whereas the capacity 

per lane was greater for the six wider lanes 

than for the eight narrower lanes. With the 

wider lanes, the vehicles in the same lane 

travel closer together and fewer vehicles 

straddle the lane lines than they do when the 

lanes are narrow. 

_ The basie unit “‘vehieles per 1 foot of width”’ 

is, however, somewhat unrealistic and involves 

: 

4 4 + 

A streetcar loading island. Pedestrians crossing to the island are doing so in violation of 
*. * *. . a 

the red signal indication. “4 

very low traffic figures. The 10-foot width, 
which approximates the width of a lane a 
usually defined, has therefore been adopted 

as the most convenient unit of measure. It 

should be borne in mind, however, that the 

approach width used by traffie entering an 

intersection from one direction on a two-way 

street is normally one-half of the total street 

width unless there are safety zones or islands. 

To summarize briefly the foregoing, the 

capacity of signalized intersections is ex- 

pressed as vehicles per 10 feet of width per 

hour of green. 

CAPACITY CLASSIFICATION 

The problems encountered in moving traffic 

through intersections at grade vary in com- 

plexity from those usually found in rural areas, 

where the only interference to traffic is 

create1 by the cross movement of vehicles, to 

those found in urban areas, where there are 

pedestrians, cars entering and leaving the 

traffic stream on the approaches, and busses 

topping to discharge or pick up passengers. 

Basic Capacity 

With a little imagination, it is possible to 

visualize a rural intersection with no interfer- 

ence to traffic except that created by the cross | 

movement of vehicles. If this cross traffie is | 

properly controlled by a traffic signal, the — 
burden of the interference is transferred to || 

that signal: The condition then existing is , 

comparable to that at a signal installation in — 

an isolated area with no cross movement, the 

only interference being that resulting ‘from 

the periodic interruption to traffic when the — 

signal turns red for traffie on the highway, 

This is the type of intersection where basic 

capacity can be realized and, as ‘such, is 

worthy of brief consideration to discover how, 

traffic performs at this ultimate rate of flow. 

In part iv of this report it was stated that 

the basic capacity of a 12-foot traffic lane on 

a multilane highway is 2,000 passenger cars 

per hour, The inference might be that the 

basic capacity of a similar traffic lane at a 

3 
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signalized intersection is 2,000 vehicles per 
hour of green because under ideal conditions 

the signal would seem to be the only impedi- 

- ment, and that the detrimental effect of the 

red indication could be eliminated by con- 

verting the rate of flow to vehicles per hour 

of green time, This deduction is not entirely 

correct, however, because one of the conditions 

that must prevail for this high volume to be 

realized is the movement of all vehicles at a 

uviform speed of about 30 miles per hour, 

This uniform speed cannot be achieved if any 

single unit of the traffic stream is stopped for 

any reason, 
With a low traffic volume, many vehicles 

will approach the intersection while the signal 

is green and proceed through at a reasonably 

high rate of speed. With heavier volumes of 

traffic, an increasingly large number of vehicles 

will be stopped by the red indication.  Irre- 

spective of the traffic volume, some vehicles 

will slow down when turning, or for pedes- 

trians, thus affecting the whole traffic stream. 

igh traffic density on a one-way street in a downtown area. 

ES 

Parked vehicles deprive a street of a much greater portion of usable width than the space 

they actually occupy. 

When the volume approaches the possible 

capacity of the intersection so that every green 

interval is fully utilized, there will always be 

PY Sa 

Where busses continuously 

load and unload, a negligible number of passenger cars utilize the first lane. 

‘ 
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This street is in an “intermediate area.’ 6Ge 5 

some vehicles waiting to enter the intersection 

as the light turns green. Under this eondi- 

tion, a relatively high percentage of the cars 

approaching the intersection will be required 

to stop even on a street with a synchronized 

or progressive signal system. 

With most vehicles coming to a stop, the 

average speed at which they can cross an inter- 

section is 10 to 15 miles per hour. With 

traffic moving at a speed of 12 miles per hour, 

the highest rate at which 

vehicles can enter an 1,500 

passenger cars per hour. Asa confirmation of 

this figure, experience has shown that the 

minimum spacing between passenger cars as 

they start from a standing one 

behind the other in a 12-foot lane averages 

about 2.4 seconds. The intervals for 

the first two vehicles in line are usually con- 

siderably greater than 2.4 but 

between succeeding vehicles the interval 

decreases progressively until it reaches an 

average minimum of 2.1 seconds between the 

fifth and sixth cars in line. 

a single line of 

intersection is 

position 

time 

seconds, 

Within the range of vehicles normally ac- 

commodated by one signal cycle, 2.4 seconds 

is a representative average headway. This 

headway corresponds to an hourly rate of 

1,500 vehicles. It follows, then, that the 

basic capacity of an isolated signalized inter- 

section is about 1,500 passenger cars per 

hour of green per 12-foot lane, or 1,250 

vehicles per 10 feet of width per hour of 

green. This figure corresponds to the highest 

rates at which vehicles have been observed 

to pass a point on a roadway removed from 

the influence of intersections after being 

stopped. It also corresponds to the rates 

attained for each movement through a signal- 

ized intersection where separate 

signal indications and traffic lanes for each 

traffic movement, and few pedestrians, so 

that the permitted movements do not interfere 

with one another. 

there are 

Possible Capacity 

Basie capacity can be attained only under 

the ideal conditions described. 

Inherent in any traffic stream, however, are 

several causes for minor delays, such as 

stalled motors and inept drivers, which can- 

not be eliminated by any practical means, 

previously 
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Figure 21.—Operation of traffic at a rural intersection loaded 

to its possible capacity. 

These conditions are included with the ideal 

in determining basic intersection capacity. 

Basie capacity, however, does not include 

any reduction in Pep hae caused by the 

following, which are the principal factors 

that tend to reduce traffic flow at intersec- 

tions: 

Parked vehicles and vehicles being 

parked or leaving parking areas. 

2. Turning movements. 

3. Commercial 

streetcars. 

4. Pedestrian interferences. 

5. Inclement weather conditions. 

vehicles, including 

When the basic capacity of an intersection 

is reduced by the effect which each of these 

factors that are present has on the traffic 

flow, the possible capacity of the intersection 

is obtained. The possible capacity of an 

intersection approach, therefore, is the maxi- 

mum number of vehicles that actually can be 

accommodated under the prevailing condi- 

tions with a continual backlog of waiting 

vehicles. 

Practical Capacity 

When the traffic volume on any intersection 

approach is sufficient to tax the approach to 

its possible capacity during every signal inter- 

val for an hour—that is, when there is always 

a backlog of waiting vehicles—there will be 

times when the queue of waiting traffie will 

become extremely long, resulting in lengthy 
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Figure 22.—Operation of traffic at a rural intersection loaded 

to its practical capacity. 

and intolerable delays 
drivers. 

This is illustrated graphically by figure 21, 

which shows the length of back-up, in terms 

of numbers of vehicles, that occurred at an 

intersection approach loaded to its possible 

capacity. Traffic approaching the _ inter- 

section from one direction was of sufficient 

volume to utilize the full green period during 

each signal cycle fora full hour. Some drivers 

in this particular example were required to 

wait through six signal eyeles before reaching 

and proceeding through the intersection. 

Such lengthy delays are intolerable and the 

traffic volume at which they occur ean cer- 

tainly not be considered practical. Yet, 

because of the normal short-time variation in 

traffic flow on approach highways or streets, 

this is the typical condition which must and 

does occur at an intersection when each green 

period of a fixed-time signal is fully utilized 

for an entire hour. 

The practical capacity of an intersection 

approach is the maximum volume that can 

enter the intersection from that approach 

during 1 hour with most of the drivers being 

able to clear the intersection without waiting 

for more than one complete signal cycle. 

With the normal short-time variation in flow, 

practical intersection capacities have been 

found to be approximately 80 percent of the 

possible capacities. In other words, at most 

intersections few vehicles will be required to 

for a large number of wait for more than one signal cycle if the 

hourly approach volume is 80 percent of the — 

possible capacity. The comparatively little | 

delay when the approach volume is 80 percent 

of the possible capacity is illustrated by figure 

22 in which the approach volume is 80 percent | 

of the approach volume shown in figure 21. 

It should be noted that all of the green periods | 

were not fully utilized under the conditions | 

represented by figure 22. e | 

Many attempts to determine intersection | 

capacities have been based on rates attained | 

during green periods that were fully utilized. | 

Other attempts have been made by expanding | 

the average rate ettained during the five or 

ten green periods in 1 hour when the largest 

number of vehicles passed through the inter- 

section. The first method completely ignores | 

thg, normal short-time fluctuation in traffic’ 

flow, whereas the second method fails to 

recognize the effect of inept drivers and a 

variety of other factors that are ever present) 

in any traffic stream and cannot be eliminated. 

As a result, theoretical intersection capacities 

are calculated which are much higher than 

those possible of attainment even under the! 

best of prevailing conditions, 

The results obtained by either of these twol 

methods are highly factitious and approach 

the basie capacity of intersections. Before 

these extremely high volumes could be attained 

in practice it would be necessary to eliminate 

those factors that cause any reduction in flo 
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below the rates attained during short peak 
periods. Among these factors are the stalling 

of motors, stopping to pick up passengers, and 

traveling at spacings greater than those used 

by the small group of reckless drivers. 

CLASSIFICATION OF INTERSECTION 

TYPES 

When the engineers throughout the country 

were asked to furnish data on observed inter- 

section volumes that could be used to deter- 

mine intersection capacities, they were 

requested to submit the highest traffic count 

made at each intersection during a period of 

1 hour while most of the green intervals for at 

least one approach were fully utilized and a 

high percentage of the drivers had to wait for 

at least one full signal cycle before entering the 

intersection. It is evident, therefore, that A street intersection in a downtown area during a peak period. 

It is extremely difficult to isolate each of 

the variable factors that reduce traffic flow 

at signalized intersections and to determine 

the extent to which each influences the 

capacity of intersection approaches of different 

widths. Efforts to segregate their effect one 

from the other are often frustrated by the fact 

that they are in many cases very closely inter- 

related as, for example, the number of right 

turns and the number of pedestrians crossing 

the intersecting street. Even where the 

factors affecting capacity can be segregated 

and evaluated, the different conditions under 

which they may later be applied are so varied 

in character that the resulting estimates of 

capacity should be considered as approxima- 

tions only. 

For example, in the discussion of turning 

movements which appears later, each 1 per- 

cent of left-turning vehicles is said to reduce 

the capacity of an intersection approach by 

1 percent. Although this factor is correct for 

the average intersection under average condi- 
This intersection, in an intermediate area, is loaded beyond its practical capacity. Park- 

ing is not permitted on the approach in this block, 

the data upon which the following results are 

based represent volumes exceeding the practi- 

cal capacities. It is not likely, however, that 

all the data represent possible capacities with 

all green intervals for an hour fully utilized. 

This condition rarely occurs even at the most 

congested intersections. The average con- 

dition represented is, therefore, somewhere 

between the possible and practical capacities. 

Were this not true for data obtained at the 

most congested intersections throughout the 

country, there would be no traffic problem at 

tural or urban intersections. 

One hour is generally the shortest period of 

time that conforms to current traffic-counting 

practice. ‘The hourly rates shown as a result 

of these investigations, therefore, include the 

short-time variations that normally occur in 

the flow of traffic. When applying the results 

to intersections where there are exceptionally 

heavy surges of short duration or where the 

flow actually exists for less than an hour, such 

as at an entrance or exit at a factory, the » 7 " 

- ] oC x > » . tle ° ° . . . . 
» capacity rates must be calculated for a like 4, intersection in an outlying area, with added turning lanes for left-turn movements 
_ fractional part of an hour. and separated turning lanes for right-turn movements. 
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An intersection in a downtown area of a small city during an off-peak period when parking 

was permitted. 

tions, its application will only produce reason- 

ably accurate results for all conditions. 

Precise results cannot be expected in a 

broad application to intersections of varied 

width and having different types of traffic, for 

many reasons. Among these are: 

1. If two or more successive vehicles 

desire to turn left, the effect per vehicle 

on the capacity of the street is not as 

great as if the vehicles turned at more 

widely spaced intervals. The larger the 

number of left-turning vehicles, the lesser 

the effect per vehicle. 

2. The effect on capacity of left-turning 

vehicles is related to the number of on- 

coming vehicles going straight through 

and turning left. 

3. Each left-turning vehicle crosses the 

path of pedestrians moving with the green 

light, and therefore the effect of a left 

turn is to some extent dependent on the 

number of pedestrians. 

A vehicle waiting to make a left 

turn causes a greater relative reduction in 

capacity on a narrow street than on a 

wider street or on one having a wide cen- 

ter-dividing island. 

It is obvious that the correction factors 

needed to meet the possible combinations of 

the five elements enumerated under the dis- 

An intersection on a high-type facility. 
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The traffic volume is near the practical capacity 

of the intersection, although between intersections the highway is adequate for a 

much greater volume. 

cussion of possible capacity would total a ver 

sizable number. Rather than attempting t 
apply each of these varied correction factors, 

it is much more feasible that intersections b 

grouped into certain classes or categories fot 

which the combined effect of several element 

which usually occur in about the same com 

bination can be easily determined or applied. 

The capacity of any intersection that does not 

fall directly within a particular class can be 

determined with a reasonable degree of accu- 

racy by interpolation. 

The variables by which intersections have 

been classified are as follows: 

Street width: Various ranges of street 
width within which the capacity per 10 

feet of width shows little variation when 

other conditions are comparable. 

2. Type of area: Downtown, 

mediate, or outlying. 

3. Parking regulations: Parking 

hibited or permitted. 

4. Streetcars: With or without street- 

cars. 

inter- 

pro- 

These variables are sufficiently descriptive | 

to classify most intersections. It would have * 
been desirable to have had further break- | 

downs for items such as the percentage of ‘| 

commercial vehicles, the presence of bus- | 

loading zones, the percentage of vehicles 

involved in turning movements, the extent 

to which the parking spaces were utilized, 

and the number of pedestrians. The four | 

variables listed. above, however, are suffici- 5 

ently descriptive to classify most intersections | 

so that the actual capacity for any condition 
can be estimated with a reasonable degree cfm 

accuracy. Within the downtown area, for | 

example, most available parking spaces. will | 

be utilized and there will generally be a large © 

number of pedestrians during the peak hour. | 

If this is not true at the particular inter-_ 

section under consideration, a capacity either | 

in the upper or lower part of the range for the | 

downtown intersections would be more appli- : 

cable than the average value. 3 

~| 
ft 
; 

| 

| 
* | 

Table 17.—Average of maximum observed | 
capacities at urban signalized intersec- 
tions free from streetcars and curb park- 
ing on the approach streets: For ap- 
proaches loaded beyond their practical 
capacities 

‘ 

Inter- | Out- Down- | 
mar lying town 

area area area 

VEHICLES PER HOUR OF GREEN PER 10 FEET OF 
APPROACH WIDTH ! 

Total street width, eurb 
to curb: 

31-46 feet 888 
47-64 feet..__.-._-.-. . 595 
65 feet and over é 538 
All widths 695 

AVERAGE PREVAILING CONDITIONS 

Pedestrian crossings. —__- 
Percentage of vehicles: 

Turning right 12 ll 
Turning left 13 10 ‘ ; 

Percentage of commer- : 
cial vehicles <=. 22 24 11 16 

2, 200 880 

1 Approach width assumed to be one-half of total street — 
width because these results include two-way streets only. 
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AVERAGE CONDITIONS 

Capacities where parking is prohibited 

. Table 17 shows the average traffic volumes 

recorded at a large number of intersections in 

cities distributed throughout the country, 

during periods in which the volumes ap- 

proached the capacity of the intersections. 

These results are for four-way intersections 

controlled by fixed-time signals and free from 

streetcars and parked vehicles on the approach 

streets. The range of volumes averaged in 

table 17 is shown in figure 23. - 

The difference between the figures shown in 

table 17 and the basic intersection capacity of 

1,250 vehicles per hour of green per 10 feet of 

width can be attributed to the combined effect 

of pedestrians, turning movements, commer- 

cial vehicles, short-time fluctuations in flow, 

and other causes as they were present at the 

average intersection of each type. In down- 

town areas the reduction below basic capacity 

from these causes averages about 40 percent, 

while in intermediate and outlying areas it is 

slightly larger, being about 43 percent. 

In the downtown areas, there is little differ- 

ence in the volume of traffic handled per unit 

of width by the narrow and the wider streets, 

whereas in the intermediate and outlying areas 

the narrower streets handled somewhat more 

traffic per unit of width than the wider streets. 

A number of explanations can be offered for 

this characteristic difference between street 

widths in the various areas, but such explana- 

tions are of little practical value unless the 

effect of each cause can be established and 

applied when estimating capacity volumes for 

specific intersections. The averages of the 

more important conditions affecting intersec- 

tion capacities that prevailed at locations in 

each area where parking is prohibited are 

shown at the bottom of table 17. 

Capacities where parking is permitted 

Table 18 shows the average traffic volumes 

recorded at intersections where parking was 

Table 18.—Average of maximum observed 
capacities at urban signalized intersec- 

tions free from streetcars but with curb 
parking permitted on the approach 
streets: For approaches loaded beyond 
their practical capacities 

Down- | Inter- Out- 
town | mediate} lying 
area area area 

VEHICLES PER HOUR OF GREEN PER 10 FEET OF 
APPROACH WIDTH ! 

Total street width, curb 
to curb: 

Dl -AG NeOLe set) 22 383 435 732 
£7 =64 TOCk Sa ee SL 410 475, 618 
65 feet and over_-___-- 400 470 So 
Oe (on ot ee a 398 453 692 

AVERAGE PREVAILING CONDITIONS 

Pedestrian crossings - ---- 2, 700 506 200 
Percentage of vehicles: 

Turning right_--_--- LG 6 14 
Turning left__------- 9 8 11 

Percentage of commer- 
cial vehicles-.._-.----- 11 10 12 

1 Approach width assumed to be one-half of total 
street width because these results include two-way 
streets only 
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Figure 23.—Frequency distribution of intersection capacities. 

permitted at the curb on the approach streets. 

Except for this feature, these intersections are 

comparable in all other respects to the inter- 

sections for which data are shown in table 17. 

It is emphasized that the rates are for the 

entire approach width, including the portion 

of the street occupied by the parked vehicles. 

This basis for showing the results was used so 

that the total effect of the parked vehicles 

could be obtained without introducing errors 

by deducting an assumed street width for the 

space they occupy. The range of observed 

volumes averaged in table 18 is shown in 

figure 23. 

Heavy bus traffic in a downtown area. 

Comparison of the data shown in tables 17 

and 18 reveals that capacity volumes on down- 

town streets where parking is permitted are 

about 55 percent, on the average, of those 

observed where parking is prohibited. In 

intermediate areas the effect of curb parking 

is somewhat less, causing an average reduction 

of about 35 percent. In outlying areas, where 

but few vehicles park, street capacity is gener- 

ally not impaired by vehicles parking or un- 

parking. The occasional driver who does de- 

sire to park is usually able to pull directly into 

a parking space instead of backing in as 

areas where parking is required in most 

spaces are occupied. 

At this intersection busses load and unload at 

both the curb and the outer separator. 
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Figure 24.—Average reported intersection capacities for two-way streets by type of area 

and parking regulation. 

Curb parking has less effect on street capac- 

ities in intermediate areas away from business 

centers than in downtown areas because fewer 

cars are found at the curb even though it may 

be perfectly legal to park. Also the turnover 

is not as great, resulting in less interference to 

the moving traffic. 

It is especially significant that whatever the 

width of a downtown street, intersection 

capacities where curb parking is permitted are 

from 438 to 47 percent below the capacities for 

similar streets where curb parking is pro- 

hibited. The difference for the two conditions 

is not due entirely to the street space occupied 

by the parked vehicles. Also included is the 

combined effect of the many other factors that 

tend to restrict traffic flow which are present 

where parking is permitted, such as the inter- 

ference to through traffic caused by drivers 

maneuvering to enter or leave parking spaces 

and the tendency of drivers to shy away from 

Table 19.—Average reported capacities of 
downtown streets at intersections where 

there are two car tracks and a loading 
island with no parking adjacent to the 
island 

Vehicles per hour of 
green per 10 feet of 
width 

Street width 

Based on 
width 

between 
curb and 
platform 

Based on | 
total | 

| width of 
approach 

Curb to | Curb to 
curb island 
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parked vehicles to avoid the possibility of 

hitting a car starting to pull out, or a pedestrian 

coming from between the parked vehicles. 

That a line of vehicles parked adjacent to 

the curb reduces the effective street width 

more than 7 or 8 feet becomes evident when 

street widths necessary to accommodate the 

same traffic volumes at locations where park- 

ing is permitted and where parking is pro- 

hibited are compared. Figure 24 shows, for 

example, that the average 40-foot street with 

no parking in a downtown area can accom- 

modate the same volume of traffic as the 

average 68-foot street on which parking is 

permitted. This is a reduction of 14 feet in 

the effective width of the 68-foot street for 

each line of parked vehicles, 

Figure 24 shows graphically the relation 

between the average reported intersection 

approach capacities and the total street width 

for the three types of areas. The conditions 

for which the curves apply are listed on the 

chart. It will be noted that these conditions 

are representative of those occurring at the 

average intersection, a separate curve being 

shown for streets on which streetcars operate. 

The conditions listed on figure 24 are not 

all of those prevailing that affected the maxi- 

mum observed volumes during periods that 

traffic flow exceeded the practical capacities, 

In the average downtown area, for example, 

traffic regulations are more rigidly enforced, 

available parking spaces are more fully uti- 

lized, and there is more stopping to unload and 

pick up passengers, than in the intermediate 

areas. The differences between these condi- 

tions in the two types of areas account in part 

at least for the higher average capacities on 

streets of the same widths in the intermediate 

PERCENT OF TOTAL STREETS 

areas than in the downtown areas when park- — 

ing is permitted, whereas the reverse is true 

for the streets when parking is prohibited. In 
other words, street capacities are increased 

less by prohibiting parking in areas where a 

low demand for parking exists and parking 

restrictions are not enforced, than in areas 

where the demand is great and parking restric- 

tions are enforced. 

Capacity of streets haying streetcars 

The presence of streetcars can affect the 

capacity of a street in a number of ways, de- 

pending on local practices and regulations as 

well as on structural features such as loading 

islands. Headway between streetcars and 

the question of whether or not free-wheeled 

vehicles are permitted use of the car-track 

lanes are matters that must be considered in 

addition to all the elements that pertain to 

the capacity of streets where there are no 

streetcars. 

The following characteristics are peculiar 

to most downtown intersections where -con- 

gestion is a problem and where there are street- 

car tracks: 

1. Loading islands or safety zones are 

provided on the intersection approach. 

2. Free-wheeled vehicles are not per- 

mitted to use the car-track lane adjacent 

to the loading island. 

3. Curb parking is not permitted for a 

distance equal to and usually in excess of 
the length of the loading island. 

Table 19 shows average reported capacities 

for downtown intersection approaches where 

the foregoing conditions prevail. These fig- 

ures are for straight-through tracks only. If 

the intersection is blocked by streetcars turn- 

ing, the time during which free-wheeled ve- 

hicles are prevented from moving for this 

reason should be deducted from the available 

green signal time. The range of volumes 

averaged in table 19 is shown in figure 25. 

It will be noted that the capacity per 10 

feet of width decreases rapidly with an in- 

crease in the distance between the curb and 

40 

| |s- AVERAGE 402 
30 

20 

VOLUME: HUNDREDS OF VEHICLES PER 10 FEET OF 
WIDTH*PER HOUR OF GREEN 

* WIDTH BETWEEN CURB AND CENTER 
OF STREET, INCLUDING CAR TRACKS 

AND LOADING PLATFORMS. 

Figure 25.—Frequency distribution of ob- 
served intersection capacities on down- 

town streets with streetcars. 
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the loading platform. This suggests that 
pedestrians going to and from the platform 

may interrupt the flow of traffic to a greater 

extent when the street width between the curb 

and platform is wide than when it is narrow. 

EFFECT OF VARIABLE CONDITIONS ON 

CAPACITY 

Among the variable conditions that affect 

capacity of intersections are the proportion of 

commercial vehicles in the total traffic volume, 

the existence of bus stops, the extent of turning 

movements, the type of signal system, and the 

use of one-way operation. These conditions, 

and their effects on the capacity of intersec- 

tions of the common type, are considered in 

the following paragraphs. Thereafter, the 

capacity of intersections on high-type facilities 

is discussed, 

Common-Type Intersections 

Commercial vehicles 

The presence of commercial vehicles tends 

to reduce intersection capacities in terms of 

the total number of vehicles because their 

acceleration rates are lower and they occupy 

more road space than passenger cars. On the 

average, one commercial vehicle, not including 

those that stop to pick up or discharge pas- 

sengers or goods, is equivalent in an inter- 

section capacity sense to two passenger cars. 

This is true only when they are not involved in 

turning movements or where the turning 

movements can be made without more than 

normal interference with other vehicles. 

Bus stops 

The effect of busses stopping to load and 

unload passengers ov the capacity of a specific 

intersection depends to a large extent on the 

many different conditions present at the inter- 

section. Analyses of the available data show 

the following results for the average conditions 

prevailing at signalized intersections where the 

total street width is under 60 feet: 

1. Streets in the downtown and intermediate 

areas where parking is permitted, except at 

a near-side bus stop, have a 12-percent higher 

capacity than the streets where busses do not 

load and unload and parking is not restricted 

near the intersections. 

2. In the downtown and intermediate areas 

where parking is prohibited, the streets with 

bus stops on the near side of the intersection 

have a 15-percent lower capacity than the 

streets where there are no bus stops. The 

corresponding figures for far-side bus stops are 

8 percent in the downtown areas and 20 per- 

cent in the intermediate areas, 

There is evidence, therefore, that elimina- 

tion of parking near the intersection to provide 

a bus stop helps more to increase the capacity 

than the stopping of the busses decreases the 

capacity. Also, on streets where parking is 

prohibited, the results indicate that to achieve 

high capacities bus stops in the downtown 

area should be on the far side of the inter- 

sections wherever possible while stops outside 

of the central business district should be on the 

near side of the intersections. It is recognized 

that considerations other than street capacity 

PUBLIC ROADS ® Wol. 25, No. 11 

A Y intersection on an expressway. 

often govern in the selection of bus stop loca- 

tion, Insufficient data are available to draw 

any conclusions for streets over 60 feet wide 

or for the relative merits of near- and far-side 

stops on streets where parking is permitted, 

The above figures apply only to conditions 

found at the average intersection on streets 

in the two types of areas. There are many 

specific conditions that are far from average. 

Probably the one condition which is apt to be 

farthest from average at a specific location is 

the number of busses. A few studies con- 

ducted on the same streets during periods of 

normal operation and again during periods 

when the bus operators were on strike show 

that one bus has the same effect on intersec- 

tion capacity as three to five passenger cars. 

These results apply only to locations where 

parking was prohibited for the entire distance 

between intersections and relatively short 

stops were made by the busses to pick up and 

discharge passengers. 

Observations also indicate that on wide 

multilane streets where there are a large num- 

ber of busses, or the busses stop for long periods 

to take on and discharge passengers, the busses 

in each direction reduce the effective street 

width for passenger cars by at least 12 feet. 

Turning movements 

The extent to which turning movements 

reduce the capacity of intersections is depend- 

ent upon such conditions as the intersection 

lay-out or treatment, pedestrian movement, 

the volume of oncoming traffic, and, of course, 

upon the number of vehicles turning right or 

left. In most instances, the detrimental effect 

of turning movements in rural areas can be 

ereatly reduced through proper channelization 

and widening of the pavement. Under ad-. 

verse conditions, the effect of turning move- 

ments may be sufficiently great to reduce the 

practical capacity of an intersection on a two- 

lane road or street by as much as 50 percent. 

On a multilane facility under similar condi- 

tions, the left lane may have its capacity 

reduced by 50 percent or more as a result of 

heavy turning movements. 

The only general criterion obtained by 

analyzing the available intersection data was 

An intersection with a separated right-turning lane. 
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that each 1 percent of the total traffic turning 

right reduced the capacity flow % percent, and 

that each 1 percent of the total traffic turning 

left reduced the capacity flow 1 percent. 

These percentages apply only where there is 

no separate signal indication for the turning 

movements and where all turns comprise less 

than 30 percent of the total traffic. Above 

30 percent, no additional decrease in volume 

was apparent. 

Where there are separate signal indications 

for turning movements, careful investigations 

are usually required and it is difficult to formu- 

late specific rules for these situations. As a 

general rule, the total street width is pro- 

portioned between the various movements in 

the ratio of the number of lanes utilized by 

traffic in the performance of these movements. 

The capacity for each separate movement is 

then computed, using as a basis the length of 

the interval and width of street allotted to the 

particular movement. The capacity of the 

intersection approach is a summation of the 

computed capacities for all movements em- 

anating from that approach. Because the 

object of separate signal indications is the 

elimination of conflicts between various 

the rate of flow for turns will 

generally be the same as that for straight- 

through movements. 

movements, 

Signal system 

The type of signal system on a street makes 

little difference in the possible capacity of the 

facility. Although a perfectly planned pro- 

gressive signal system may function well with 

low or even moderately heavy traffic volumes, 

some traffic will be stopped by the red light 

at each signal when the traffic volume becomes 

sufficient to tax the capacities of the inter- 

sections. Vehicles following on the next band 

will be slowed by these waiting vehicles and 
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Figure 26.—Intersection capacities of one-way streets by type of area and parking regulation 

40 

the system is immediately thrown off balance. 

The higher speed for which the system was 

planned cannot be regained until the traffic 

density becomes less than that which occurs 

when the street is carrying near capacity 

loads. The benefits accruing to vehicle 

operators as a result of a progressive signal 

system are reflected in a saving in time to the 

traffic using the facility, but this time saving 

declines rapidly when the practical capacity 

is exceeded. 

The saving in travel time with a progressive 

system is not directly related to the ability 

of the street to handle traffic in terms of the 

number of vehicles. Normally, the actual 

number of vehicles that can pass a point during 

1 hour is not increased appreciably by a pro- 

The exception is where the gressive system. 

. . . *. * * . ; 

The effect of left-turning vehicles on intersection capacities is dependent upon a large — 

70 

distance between traffic signals is so short 
that the road space between them will not 

accommodate the number of vehicles passing — 
through one intersection and headed for a — 

second intersection during one complete signal 

cycle. This being true, there is a possibility — 

that sounder principles may be developed for 

adjusting a progressive system for peak loads 

as a result of these investigations. 

One-way operation 

Figure 26 shows intersection capacities for 

one-way streets by type of area and parking 

regulation when 10 percent of the traffic is 

commercial vehicles and 20 percent of tke 

total traffic is involved in turning movements. 

The advantage of one-way streets over two- 

way streets from the capacity viewpoint is 

illustrated for certain conditions by figures 

27 and 28. The advantage of one-way streets 

over two-way streets will vary with the dis- 

tribution of traffic by direction on the two- 

way streets, the relative number of turning . 

movements involved, and the width of the 

streets. 

Figure 27 shows the advantage of one-way 

streets over two-way streets in the downtown 

area where two-way streets normally carry 

- 

between 50 and 60 percent of the traffic in — 

one direction during the peak periods. Ex 

cept for the streets over 60 feet wide with 

parking on both sides and a 50-50 distribu- 

tion of traffic by direction on the two-way 

streets, the capacity of a one-way street is 

higher than the capacity of a two-way street. 

For example, a one-way street 20 feet wide 

with parking prohibited has approximately 

double the capacity of a two-way street with 

parking prohibited when between 50 and 60 

percent of the traffic on the two-way street 

is traveling in the one direction. Likewise, a 

street 50 feet wide will accommodate between 

45 and 60 percent more traffic with one-way 

operation than with two-way operation, 

depending on the distribution of traffie by 

direction on the two-way street. 

Also, a one-way street with parking on one | 

side will accommodate approximately the 

same total traffic as the same width of two- 

number of variable conditions. 
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way street with no parking. The two-way 

streets are considered to be at their capacity 

volumes when the traffic in the direction of 

the heavier flow equals the capacity of the 

approaches used by traffic traveling in that 

direction. 
Figure 28 shows the comparative capacities 

of one-way and two-way streets in inter- 

mediate areas where the volume in one direc- 

tion includes up to 67 percent of the total 

flow on two-way streets. For this condition 

there is also a greater advantage in making 

the narrow streets one-way than in making 

the wider streets one-way. It may be noted 

that the total capacity of a two-way street 

with a 67-38 distribution of traffic by direc- 

tions is the same when parking is prohibited 

as when parking is permitted on the side 

carrying the lower traffic flow. Also, a one- 

way street 50 feet wide with parking on both 

sides has the same capacity as a 50-foot two- 

way street either with no parking or with 

parking on one side. 

Intersections on High-Type Facilities 

At highway intersections where pedestrian 

interference for the most ‘part is eliminated, 

where separate lanes for each traffic movement 

are provided so that the permitted movements 

do not interfere with one another, where 

commercial vehicles are not present, and 

where the geometric features of the highway 

are of a high standard, a basic capacity of 

about 1,500 vehicles per hour of green per 

12-foot lane may be approached. The type 

of facility to which this is applicable would 

be a divided highway, in a rural or an urban 

area, with added turning lanes of adequate 

design provided for both right and left turns, 

with shoulder space for disabled or tempo- 

rarily stopped vehicles, and with no other 

roadside interference on the approaches of the 

intersection—that is, a facility normally 

referred to as an expressway. 

Where such conditions exist, the method 

for capacity analysis given for street inter- 

sections is not directly applicable. Instead, 

a procedure of starting with the basic capacity 

and reducing this value to fit prevailing road- 

way and traffic conditions is suggested. 

Because express-type facilities are intended 

for rapid vehicular movement with a mini- 

mum of operational delay, practical capacity 

rather than possible capacity should be used 

for design. Under the conditions outlined 

in the preceding paragraph there is !ittle 

difference between basic and possible capacity. 

Since practical capacity at intersections has 

been found to be about 80 percent of possible 

capacity, it follows that the practical capacity 

of a 12-foot traffic lane is 1,500 0.80=1,200 

passenger vehicles per hour of green. This 

is equivalent to 1,000 passenger vehicles per 

hour of green per 10 feet of width. 

ADJUSTMENTS FOR SPECIFIC 

CONDITIONS 

_ The ability of intersections to accommodate 
_ high hourly traffic volumes has been grossly 

overrated in the past. The application of 

attainable capacities, which in some cases are 

so low as to be astonishing, will be an impor- 
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Figure 27 (above) and figure 28 (below).—Comparison of average street intersection capact- 

ties with one-way and two-way operation, in downtown and in intermediate areas. 

tant step in alleviating congestion on existing 

facilities and in estimating the needed improve- 

ment for future requirements. 

As previously stated, the 

capacities that have been presented are 

averages for maximum recorded traffic vol- 

umes under the conditions that prevailed at 

the average intersection of each general class. 

They are peak volumes during periods that 

the approaching traffic exceeded the practical 

intersection capacities. Since there is a wide 

range in the maximum volumes for each 

group into which the intersections have been 

classified, it is essential, when estimating the 

capacity of any specific intersection, that the 

average figures as presented be adjusted to 

provide for the difference between average 

conditions and the existing or future condi- 

tions at the specific location. Figures 23 and 

25, which show the distribution of observed 

intersection - 

rates at congested intersections, illustrate the 

need for making such adjustments. 

Rates exceeding those for the 

intersection are applicable only when condi- 

tions which restrict the flow of traffic are not 

present in the same degree as at the average 

intersection of the same class. Likewise, when 

the restricting conditions are more pronounced 

than at the average and this 

will be the case about 50 percent of the time, 

rates below average should be applied. 

The highest rates recorded are about 700 ve- 

hicles per 10 feet of street width per hour of 

green or Go time in areas where parking Is 

permitted between intersections, and about 

1,250 vehicles per 10 feet of street width per 

hour of green in areas where parking is pro- 

hibited. These rates cannot occur where the 

various movements interfere with one an- 

other, where pedestrians are present, or where 

average 

intersection, 
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Flexible lane usage: Normally this is a two-way street, but during the morning rush there 

are four lanes provided for south-bound traffic and one lane, restricted to local and 

bus traffic, for north-bound vehicles. 

peak load. 

tive of heavy volume with little congestion. 

The operation is reversed for the afternoon 

Widely spaced vehicles suggest moderately high speeds, which is indica- 

Note that the single parked vehicle has 

deprived traffic of the use of a full lane and, further, that traffic passing the standing 

vehicle allows a wide margin of clearance. 

trucks or busses are present. Even under the 

most ideal conditions for high capacities where 

these rates did occur, operating conditions 

could not be considered satisfactory. 

Intersections on existing or contemplated 

facilities should not be expected to accommo- 

date the peak capacities that have been 

recorded at the few locations where conditions 

were most favorable for high rates of flow. 

Such an expectation would probably result in 

operating conditions that would be less favor- 

able than now our most 

congested areas. 

If it were possible to list all the factors that 

tend to reduce intersection capacities, and the 

quantitative effect of each, the most appro- 

priate procedure to follow in estimating the 

those present in 

capacity of a specifie intersection would be to 

start with the capacity for ideal conditions 

and deduct a certain amount for each of the 

prevailing conditions that are not ideal. This 

procedure is not possible of application, how- 

ever, because a quantitative measure has been 

obtained for only the more important factors 

that affect intersection capacity. 

A number of adjustments are necessary 

when applying the information for average 

intersection conditions, as shown by figure 24, 

to a specifie location where conditions are not 

average. ‘The most important of these ad- 

justments are described here. 
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I.—Two-way streets with no added turning 
lanes and no separate signal period for 
turning movements 

1. POSSIBLE AND PRACTICAL CAPACITIES: 

A. Possible capacity.—On an average, pos- 

sible capacities are about 10 percent higher 

than the average rates represented in figure 24. 

Volumes 10 percent higher will pass through 

the intersection, but only with a continuous 

back-log of vehicles and extremely long delays 

to a high percentage of the drivers. 

B. Praciical capaci/y.—On an average, prac- 

tical capacities are about 10 percent lower than 

the average rates represented in figure 24. 

Volumes 10 percent lower will pass through 

the intersection with few drivers having to 

wait longer than for the first green period. 

2. COMMERCIAL VEHICLES: 

Subtract 1 percent for each 1 percent by 

which commercial vehicles exceed 10 percent 

of the total number of vehicles, or add 1 

percent for each 1 percent that commercial 

vehicles are less than 10 percent of the total. 

3. TURNING MOVEMENTS: 

A. Itight turns.—Subtract % percent for 

each 1 percent by which traffic turning right 

exceeds 10 percent of the total traffic, or 

add % percent for each 1 percent that traffic 

turning right is less than 10 percent of the 

total (maximum reduction for right turns not 

to exceed 10 percent). 

? 

B. Left turns.—Subtract 1 percent for 

each 1 percent by which traffic turning left 

exceeds 10 percent of the total traffic, or add 1 

percent for each 1 percent that traffic turning 

left is less than 10 percent of the total (maxi- 

mum deduction for left turns not to exceed 20 
percent). 

Note-—Maximum deduction for right and 

left turns combined should not exceed 20 

percent. 

4. Bus STOPS AND ELIMINATION OF PARK- 
{NG NEAR INTERSECTION: 

A. On streets where parking is prohibited — — 

(a) No bus stop: Add 5 percent. 

percent. 

(c) Bus. stop on far side: Subtract 3 

percent in downtown areas and 15 

percent in intermediate areas. 

(d) Where the number of busses is so 

great that at least one is always loading 

or unloading, subtract 12 feet from each 

approach width for either near- or far- | 

side stops when applying the curves in 

figure 24; then add the number of busses 

and make the adjustments for items 

1, 2, and 8, above, but do not include the 

busses as commercial vehicles in item 2. 

B. On sireeis with bus stops and where park- 

ing ts permiited except at the bus siop.— 

(a) With bus stop on near side: Add 

4 percent for each 1 percent of right and 
. . $ 

left turns, but maximum increase not to 

exceed 6 percent. 

(b) With bus stop on far side: Make no 

correction. 

(c) Where the number of busses is so 

great that at least one is always loading 

or unloading: Subtract 6 feet from the 

approach width for either near- or far-side 

stops when applying the curves in figure 

24; then add the number of busses and 

make the adjustments for items 1, 2, and 

3, above, but do not include the busses as 

commercial vehicles. 

C. On sireeis where parking is permitied and 

there are no bus siops..A—Deduet % percent for 

each 1 percent that right and left turns com- 

bined are of the total traffic, but maximum 

deduction not to exceed 6 percent. Then, if 

parking is prohibited more than 20 feet in 

advance of the cross walk, add 

D—20 P eC percent, where 

P=total percentage of right and _ left 

turns, but not to exceed 30. 

D=distance in feet that parking is pro- 

hibited in advance of cross walk, but not 

to exceed 5G plus 20. 

G=seconds of green indication per signal 

cycle. 

il The discussions cone»rning the needed length of no-park- 

ing zones in advance of cross walks, the capacity of added 

turning lanes (item II), the effect of separate signa] indica- 

tions (item IID), and the procedure for determining capaci- 

ties of intersections on one-way streets (item IV) and on high- 

type facilities (item V), represent a rationalization based on 

such facts and data as are available concerning these impor- 

tant subjects, for which the reported material is insufficient 

for statistical analysis. 
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D. On streets where parking is eliminated for 

a limited distance on both sides of the intersec- 

tion.—Where parking is eliminated in advance 

of the intersection for a distance in feet equal 

‘to or greater than 5G and (1) parking is also 
eliminated beyond the intersection for a dis- 

tance equal to or greater than 5G, or (2) the 

street beyond the intersection widens at least 

one lane: Use the upper curve (parking pro- 

hibited) in figure 24. 

iI1.—Two-way streets with added turning 
lanes but no separate signal indication 
for the turning movements ” 

!. Use the width of the through lanes as 

one-half of the street width when applying 

the curves in figure 24. 

2. Then add 5 percent for an added right- 

turn lane, 10 percent for an added left-turn 

lane, or 15 percent when both right- and left- 

turn lanes are added to the normal width. 

3. Then: . 

(a) For a right-turn lane.—Add_ the 

number of vehicles turning right but not 

to exceed either 600 XG vehicles per hour 

D—20 
Saag ys XN vehicles per hour, where 

G=ereen interval in seconds. 

C= total signal cycle in seconds. 

D=length of added turning lane in 

feet. 
N=number of signal cycles per hour. 

(b) For a_ left-turn lane.—Add_ the 

number of vehicles turning left but not 

to exceed the capacity of the left-turn 

lane. The capacity of the left-turn lane 

per hour of green in terms of passenger 

cars may be estimated as the difference 

between 1,200 vehicles and the total 

opposing traffic volume per hour of green 

in terms of passenger cars, but not less 

than two vehicles per signal cycle. 

4. Then adjust as in J-1 and I[-2. 

IlIl.—Two-way streets with turning lanes 
and separate signal indication 

Streets with turning lanes and separate 

signal indication (also applies where left-turn 

lanes for opposite directions of travel are 

within the normal street width and both 

straddle the centerline) ; pedestrians controlled: 

A. With right-turn lane.— 

(1) Use the width of the through lanes 

as one-half of the street width when 

applying figure 24 and increase the rate 

of flow by 5 percent. 

(2) Then add the number of vehicles 

turning right, but not more than 800 

vehicles per 10 feet of width of turning 

lane per hour of separate green indica- 

tion; adjust for possible or practical 

capacity as in item I—1 and for commercial 

vehicles as in item I-2. 

B. With left-turn lane.— 

(1) Use the width of the through lanes 

as one-half of the street width when 

applying figure 24 and increase the rate 

of flow by 10 percent. 

12See footnote 11. 
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(2) Then add the number of vehicles 

turning left, but. not more than 800 

vehicles per 10 feet of width of turning 

lane per hour of separate green indica- 

tion; adjust for possible or practical 

capacity as in item I—1 and for commercial 

vehicles as in item [-2. 

Note: Where conditions are such that 

through vehicles also use turning lanes, 

it is more appropriate to apply figure 24 

to (1) entire approach width for period of 

left-turn indication and (2) width of 

through lanes for balance of through 

period. Add results and make normal 

adjustments except that for left turns 10 

percent is always added. 

IV.—One-way streets ® 

Figure 26 shows hourly intersection capaci- 

ties for urban one-way streets by type of area 

and parking regulation under average condi- 

tions. The most important adjustments for 

conditions that are not average are: 

1. PossIBLE AND PRACTICAL CAPACITIES: 

Same as for item I-1. 

2. COMMERCIAL VEHICLES: 

Same as for item I-2. 

3. TURNING MOVEMENTS: 

Subtract % percent for each 1 percent by 

which the combined traffic turning right and 

left exceeds 20 percent of the total traffic, or 

add % percent for each 1 percent that it is 
below 20 percent (maximum deduction for 

turns not to exceed 20 percent). 

4. Bus STOPS AND ELIMINATION OF PARKING 

NEAR THE INTERSECTION: 

Same as for item I-4. 

5. ADDED TURNING LANES: 

Use the normal street width when applying 

the curves in figure 26. Before applying items 

1 and 2 above: 

(a) Add 5 percent for an added right- 

or left-turn lane or 10 percent if both a 

right- and left-turn lane have been added. 

(b) For a right- (or left-) turn lane 

add the number of vehicles turning right 
; G 

(or left) but not to exceed either 600 XG 

D—20 
vehicles per hour or Seedy vehicles 

per hour. 

V.—High-type facilities ¥ 

Where conditions exist similar to those pre- 

viously described for intersections on high-type 

facilities, the following procedure for estimat- 

ing practical or design capacities should he 

used: 

1. THROUGH MOVEMENT: 

Use 1,000 vehicles per hour of green per 

10 feet of lane width. Deduct 1 percent for 

each 1 percent that commercial vehicles are of 

the total through movement during the peak 

hour. 

2. TURNING MOVEMENTS ON ADDED LANES: 

To determine the total capacity of an inter- 

section approach, add the number of vehicles 

turning right and left during the hour to the 

capacity of the through flow; however, each 

turning volume should not exceed the capacity 

of a turning lane as determined below. Also, 

the added turning lane should be of sufficient 

13 See footnote 11. 

length to accommodate at least twice the aver 

age number of turning vehicles that would 

accumulate during the red interval. 

A. Right turns on same signal indication with 

through movement. — 

(1) Where there is no adjacent frontage 

road and no pedestrian interference, use 

capacity of turning lane as 1,000 vehicles 

per hour of green per 10 feet of width. 

Deduct 1 percent for each 1 percent that 

commercial vehicles are of the right- 

turning traffe during the peak hour. 

(2) Where right turns are in conflict 

with frontage-road traffic, use capacity 

of right-turning lane as the difference 

between 1,200 vehicles and the total con- 

flicting traffic volume (expressed in terms 

of passenger vehicles) on the adjacent 

frontage road per hour of green; adjust 

this difference by deducting 1 percent for 

each 1 percent that commercial vehicles 

are of the right-turning traffic during the 

peak hour. The volume thus deter- 

mined must not be greater than that 

estimated under item (1) above, but not 

less than two vehicles per signal cycle, 

(3) Where right turns are in conflict 

with pedestrian movements on the cross 

street, reduce flow estimated under item 

(1) above as follows: 

Downtown area___ 20 percent. 

Intermediate 

10 percent. 

Outlying area____ no reduction, 

(4) Where right turns are in conflict 

with both frontage-road traffic and pedes- 

trians; use the lower of the two values 

estimated under items (2) and (3) above. 

B. Left turns on same signal indication with 

through movement.—Use capacity of left-turn- 

ing lane as the difference between 1,200 

vehicles and the volume of the opposing 

through traffic movement (expressed in terms 

of passenger vehicles) per hour of green; 

adjust this difference by deducting 1 percent 

for each | percent that commercial vehicles 

are of the left-turning traffic during the peak 

hour; minimum capacity not less than two 

vehicles per signal cycle. 

C. Added turning lanes on separate signal 

indication (pedestrians controlled).—For either 

right or left turns, use capacity of 1,000 

vehicles per hour of separate green indication 

per 10 feet of lane width; deduct 1 percent for 

each 1 percent that commercial vehicles are 

of the particular turning traffic during the 

peak hour. 

3. BUS STOPS ON ADDED TURNING LANB: 

A. Far-side bus slop —No apparent effect 

on capacity of the intersection approach. 

B. Near-side bus stop (no separate signal 

indication for right turns).—Bus stops on the 

right-turning lane tend to reduce the capacity 

of the through movement by requiring some 

right-turning Movements to be made around 

the bus directly from through traffic lanes. 

Capacity in such case may be adjusted as 

follows: 

(1) Where the number of busses stop- 

ping during the peak hour is so great as 

to nullify the use of the added lane for 

right turns, deduct 1% percent from the 
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through flow for each 1 percent that 

right-turning traffic is of the total traffic; 

then add the number of busses and the 

number of vehicles turning right and left 

to obtain the total practical capacity of 

the intersection approach. 

(2) Where approximately one bus 

stops in the added lane per cycle, deduct 

% percent from the through flow for each 
1 percent that the right-turning traffic is 

of the total traffic; then add the number 

of busses and right- and _ left-turning 

vehicles to obtain total practical capacity. 

(3) Where busses stop less frequently 

than one about every fourth or fifth 

cycle, the effect of busses may be neg- 

lected. 

APPLICATION OF INTERSECTION 

CAPACITY INFORMATION 

When adjusting the volumes shown in 

figure 24 for conditions that are not average, 

each adjustment must be made as a separate 

step, using the result of the previous step 

for each consecutive adjustment. To accom- 

plish this simply, when a number of adjust- 

ments are necessary, each adjustment can be 

calculated and added to or subracted from 

1.00, and a total factor then obtained from 

these individual factors by multiplying them 

together. The examples that follow illustrate 

correct applications of the data. 

Example I 

Problem 

What are the possible and practical capac- 

ities of one approach to an intersection on a 

two-way street, 45 feet wide from curb to 

curb, in a downtown area where parking is 

prohibited, 20 percent of the traffie turns 

right, 15 percent turns left, 5 percent of the 

total traffic is commercial during peak hours, 

there are bus stops on the near side of the 

intersection, and the traffic light has a Go or 

green period of 35 seconds out of the 60-second 

cycle? 

Solution 

From figure 24, the reported capacity of one 

approach on the average street 45 feet wide 

from curb to curb in a downtown area with 

parking prohibited is 1,660 vehicles per hour 

of green, 

The following adjustments are required 

because conditions are not average: 

Cause Effect Factor 

Right turns (10—20)'4=— 5% 0.95 

Left turns . 10-15) =— 5% 0.95 

Commercial vehicles --- {10— 5) ' =+ 5% 1.05 

Near-side bus stop at _— .-—10% 0,90 

Total factor=0.95>0.95X1.05X0.90= 0.85 

Possible capacity =1.10 X 0.85 x 60° 1,660= 

905 vehicles per hour in the direction of the 

heavier flow. 

‘ 4 ee OO Practical capacity =0.90X 0.85. X 55 X 1,660 

=741 vehicles per hour in the direction of the 

heavier flow. 
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Example 2 

Problem 

What is the practical capacity of two inter- 

secting streets, if the north-south street is 40 

feet wide and the east-west street is 54 feet 

wide? Parking is permitted on the east-west 

street and banned on the north-south street. 

The intersection is in a downtown area where 

average conditions prevail and the signal cycle 

is 27 seconds green and 3 seconds amber on 

each leg, with a total of 60 seconds. 

Solution 

From figure 24, the practical capacity of the 

north-south street is 0.90 1,410=1,269 

vehicles per hour of green. The traftie signal 

reduces this volume to 1,269 5" = 571 vehi- 

cles per hour in one direction. 

From figure 24, the practical capacity of 

the east-west street is 0.90 x 1,110=999 vehi- 

cles per hour of green. This is reduced by 

the traffie signal to 999 21 450 vehicles per 

hour in one direction. 

Example 3 

Problem 

What should be the distribution of signal 

time at the intersection described in example 

2 if the peak hourly volume in one direction on 

the north-south street is 600 vehicles per hour 

and that on the east-west street is 400 vehicles 

per hour? 

Solution 

The minimum time in minutes per hour for 

each operation, assuming a 60-second eyecle, is 

as follows: 

Minu s 

600 - 
Green, north-south street ___ _ 1,269 X 60 = 28. 4 

Green, east-west street ______ aoe xX 60 = 24. 0 

Amber: 6 seconds per ecyele_______-_- = 6.0 

Total et) Sa ne ae ee 58. 4 

The green period for the north-south street 

should be: 

28.4 
(28.4 + 24.0) X (60 — 6.0) = 29.3 seconds. 

The green period for the east-west street 

should be: 

24.0 

(28.44 24.0) X (60 — 6.0) = 24.7 seconds. 

Example 4 
Problem 

An intersection as described in example 3 is 

severely congested by volumes exceeding those 

usedinthatexample. To relieve this situation 

it is proposed that parking be banned on both. 

streets, and that the north-south street be 

widened. After these improvements, traffic 

volumes of 750 vehicles per hour in one direc- 

tion on the east-west street and 900 vehicles 

per hour in one direction on the north-south 

street are anticipated. What should be the 

width of the north-south street and the signal 

timing for the intersection, using an 80-second 

eycle with 3 seconds of amber? 

Solution 

3,600_ 
80a 

Total amber time per hour will be 6 < 

270 seconds=4.5 minutes. 

A 54-foot street with no parking has a ca- 

pacity of 2,000 vehicles per hour of green, 

INTERMEDIATE AREA 

FIXED TIME SIGNAL 

2 PHASE CONTROL 

CYCLE-70 SEC, 

Ba WooTREED 

GREEN INTERVAL - 40 SECONDS 

COMMERCIAL VEHICLES -12% 

TURNING MOVEMENTS 

WTO N—11% OF APPR. VOL. 
— TON-24% OF APPR. VOL. 

NO BUS STOPS 

‘N APPROACH 

GREEN INTERVAL — 25 SECONDS 

COMMERCIAL VEHICLES -15% 

TURNING MOVEMENTS 

N TOE —65% OF APPR. VOL. 

N TOW -35% OF APPR. VOL. 

NO BUS STOPS — 

Figure 29.—Illustrative example 5. 
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Thus the east-west traffie will 

1952-000 * 60=25.0 minutes. There 

30.5 
remain 30.5 minutes or ~60 hours of green on 

from figure 24. 

require 

the north-south street, permitting a practical 

capacity of aoe 900= 1,770 vehicles per hour 

of green. This practical capacity corresponds 

to a reported capacity for average conditions 

1 : 
of 1,770 1,967 vehicles per hour of green. A 

street 52 feet wide will accommodate this 

volume, as shown in figure 24, 

The signal timing should be: 
Seconds 

Green, north-south street 

30.5 
- 0.5 +25.0) xX (80—6.0) =40.7 

Green, east-west street 

oe BUN (80-60) =38:3 
(30.5 + 25.0) 

PATA DCT Oe een eee A DEX. =a 6.0 

BESO Ua lear gears are wel Seer i Sag EA Ck NA 80.0 

Example 5 

Problem 

What are the possible and practical capaci- 

ties of each approach of the T intersection 

shown in figure 29? — If the peak-hour traffic 

(on the basis of two-way flow) is 9 percent of 

the average daily traffic, and 60 percent of the 

peak-hour traffie is in one direction, what will 

be the average daily traffic on the east-west 

street in the block west of this intersection if 

it operates at possible capacity? 

Solution 

West APPROACH 

From figure 24, the reported capacity of one 

approach on the average 58-foot street in an 

intermediate area with parking is 1,380 ve- 

hicles per hour of green. 

Adjustments: 

Cause Effect Factor 

Commercial vehicles____----..---- (10—12) =—2% 0.98 

TEEPE saul wat 2 ee Sed: See ae (10—0)16=+5% 1.05 

RGSttR PDS ee ee Foe ews ee a * (10-11) =—-1% 0.89 

Parking not restricted at intersec- 

LOIN ee eee os co —(0+1)D4%=—-3% 0.97 

(See adjustment I-4-C) 

Total factor=0.98 X1.05X0.99X0.97= 0.99 

Possible capacity = 1.10-x 0.99 x sa x 1,380= 

860 vehicles per hour. 

Practical capacity =0.90 x 0.99 < S 

1,380=700 velicles per hour. 

East APPROACH 

For average conditions, reported capacity is 

1,380 vehicles per hour of green, as shown 

above. 

Adjustments: 

Cause Effect Factor 

Comme.’cial vehicles. ......_.2-_~.+ (10-12) =—2% 0.98 

SUA ei Ch) 3, phe ee ee ee (10—24)'6=—-7% 0.93 

iS eplerg ite Sie Ree eee 40-0) =+10% 1.10 

Parking not restricted at intersec- 

rite) age Se SS eS ee 5 See ee eee = Paes Se) —6% 0.94 

Total factor =0.98 X0.93 1.10 0.94= 0. 94 

is ‘ 40 2 
Possible capacity = 1.10 0.94 70 *1,380= 

810 vehicles per hour. 
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SOG hare 
ik 
~<—— PARKING ELIMINATED 

IN THIS BLOCK ON 

SOUTH SIDF 

—— — 

ee 

Tre arya 

PHASE 1 

GREEN -40 SEG. 

DURING PHASE 2 

PHASER2 

GREEN—I5 SEC. 

DURING PHASE 3 

PHASE 3 

GREEN -26 SEG. 

PEDESTRIANS CROSS HERE 

» 

INTERMEDIATE AREA 
FIXED TIME SIGNAL 

3 PHASE CONTROL 
GYCEE =90.SEG: 

PARKING ELIMINATED 

IN THIS BLOCK ON 

NOR HS iD Exes 

NN PEDESTRIANS GROSS HERE 
w\ YC DURING PHASE 1 

Ge Wisc eb 

COMMERCIAL VEHICLES -12% 
TURNING MOVEMENTS 

W TON-II% OF APPR. VOL 

E TON-24% OF APPR. VOL. 

NO BUS STOPS 

NO PEDESTRIAN MOVEMENT 

N-APPROACH 
COMMERCIAL VEHICLES -I5% 

TURNING MOVEMENTS 
N TO E-65 % OF APPR. VOL. 
N TO W-35% OF APPR. VOL. 

NO BUS STOPS 

Figure 30.—Illustrative example 6. 

40. 
Practical 70 capacity=0.90 0.94 x 

1,386+665 vehicles per hour. 

NortH APPROACH 

On the intercepted street of a T intersec- , 

tion, the larger of the two turning movements 

is considered as the through movement; 

therefore, as indicated on figure 29, the 

through movement is 65 percent and the 

turning movement is 385 percent of the total 

flow during the peak hour. 

From. figure 24, the reported capacity for a 

40-foot street under average conditions is 

1,350 vehicles per hour of green. 

Adjustments: 
Cause Effect Factor 

Commercial-vehiclés_2.2.. 22. -- (10—15)=— 5% 0.95 

Right turns (maximum deduction) ---___-____ —10% 0.90 

Tein (ons) 2.8 eee (10— 0)=+10% 1.10 

No parking and no bus stops___----_.-------- + 5% 1.05 

Total factor =0.95 X0.90 X1.10 X1.05= 0.99 

p ? 25 am 
Possible capacity = 1.10 x 0.99 x 70 x 1,350= 

525 vehicles per hour. 

Practical capacity=0.90X0.99x 
‘ 

1,350=480 vehicles per hour. 

The average daily traffic on the east-west 

street in the block west of the intersection, 

when operating at possible capacity, is: 

40 100 . 
tes > } = = 15 Os ra rles [ sso | ( 60 x 860 ) | 2 9 15,920 vehicles 

per day. 

DF 

70** 
Oo 

Example 6 
Problem 

What are the possible and practical capaci- 

ties of each approach of the intersection shown 

in figure 30? 

as in figure 29 except for partial elimination 

of parking and substitution of multiphase 

This is the same intersection 
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signal control in order to increase the capacity 

of the east-west street and to eliminate vehicle- 

pedestrian conflicts. 

Solution 

West AppROACH 

phases 1 and 2,—Width 

movement (parking 
Through movement, 

available for through 
— 
58 : 

eliminated as shown) =" —10=19 feet (see 

adjustment III-B-1). Capacity for average 

conditions, from figure 24, for a street twice 

this width and with no parking is 1,300 

vehicles per hour of green. The green interval 

for phases 1 and 2=40+ 3 (amber for opposing 

through movement) +15=58 seconds. 

Adjustments: 

Cause Effect Factor 

Commercial vehicles__------------ (10—12)=— 2% 0. 98 

Rightrounisat ys 2 oe Sen a (10—0)3=+ 5% 1.05 

A Ottattirnse. eoen ee tet once ae (10— 0)=+10% 1.10 

INGNDIIS StODsn cece) ese ee ae ee + 5% 1.05 

Total factor =0.98X1.05X1.10X1.05= 1.19 

58 
Possible capacity =1.10 1. 19X 69 x1, 300= 

1,100 vehicles per hour. 

capacity =0.90 X 1.19 

=900 vehicles per hour. 

5 8 
90 < 1,300 Practical 

Left turning movement, phase 2.—Left turning 

is 11 percent of the ie volume on the west 

approach, or 1, 100%: 5° 135 vehicles per hour 

when the approach is operating at possible 

11 : 
capacity, and 900 39 110 vehicles per hour 

when operating at practical capacity. 

Capacity of this 10-foot left-turn lane for 

15-second separate green indication and with 

12 percent commercial vehicles (factor 0. os 

Possible capacity =1.10X0.98 x -800x 2 
907 

145 vehicles hour (see adjustment 

[iJ—B-2). 

Practical capacity = 

per 

0.90 x 0.98 X 800 X - e 
; 90 

120 vehicles per hour. 

Volumes of 1385 and 110, above, 

do not exceed the capacity of the left-turning 

therefore 

lane. 
Total capacity of west approach— 

Possible capacity =1,100+4 185=1,235 

hicles per hour. 

Practical capacity =900+ 110=1,010 

hicles per hour. 

Ve= 

Ve- 

East ApPpROACH 

Through movement, phase 1.—Same as for west 

approach, except for length of green interval, 

which is 40 seconds: 

AQn- 5 4 
Possible capacity = 1,100 5g 760 vehicles 

per hour. 
40 ; 

Practical capacity = 900 X -o= 620 vehicles 
5§ 

per hour. 

Right-turning movement, phase 3.—Right turn- 

ing is 24 percent of the total volume on the 

= 240 

hour when the approach is operating at pos- 

east approach=760X vehicles per 

sible capacity, and 620 5,=200 vehicles per 
76 

hour when operating at practical capacity. 
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eT 

BUS STOP 

PHASE 1 

APPROACH~A, A.M. PEAK 

VEHICLES TURNING: 
CERT TORCE—= 01% 

RIGHT TO D— 4% > 

RIGHT TOE—-32% 

COM. VEH'S INCL. BUSSES 11% 

BUSSES 75 PER HOUR 

GREEN INTERVAL -34 SEC. 

% Total movements during phases 1 and 2 

APPROACH-B, PM. PEAK 

VEHICLES TURNING: 
RIGHT -8% 

LEFT—O% (No left turn ) 

COM. VEH'S. 13% 
BUSSES 90 PER HOUR . 
GREEN INTERVAL-34 SEC. 

APPROACH-C, A.M. PEAK 

VEHICLES TURNING: 
RIGHT 4% 

CEE TerOuBi—ioc 

CEE TSO Esl 

COM. VEH'S.-6% 

STREET CARS, BUT NO BUSSES 

GREEN INTERVAL -24 SEG. 

DOWNTOWN AREA 
FIXED TIME SIGNAL 

3 PHASE CONTROL 
CYCLE 90 SEC. 

__ —_Bus_STOP —— BUS Oe 

PHASE 2 

APPROACH-E, P.M. PEAK 

GREEN @ 'b —18 SEC. 
AMBER & GREEN LAG ‘'b TO ‘o'=8 SEC. 

VEHICLES TURNING: 

RIGHT TO B — 2% 
RIGHT TOC —18% 
LEFT TOA—80% 

APPROACH—A, A.M. PEAK 
GREEN=18+8=26 SEC, 

tie 
Se 

PHASE 3 
APPROACH-D, P.M. PEAK 
VEHICLES TURNING: 

RIGHT TOE NEGLIGIBLE 

RIGHT TOB-6% 

LEFT TOA—O% (No left turn) 

COM. VEH'S.- 8% 

STREET CARS, BUT NO BUSSES 

GREEN INTERVAL ~24 SEC. 

Figure 31.—Illustrative example 7 

Capacity of the 10-foot right-turn lane for 

26-second separate green indication and with 

12 percent commercial vehicles: 

Possible capacity =1.10 0.98 x 800 X a= 

250 vehicles per hour. 

26 _ 
Practical capacity =0.90 x 0.98 x 800 X; 

210 vehicles per hour. 

Volumes of 240 and 200, above, therefore do 

not exceed the capacity of the right-turn lane. 

Total capacity of east approach.— 

Possible capacity =760-+ 240= 1,000 

cles per hour. 

Practical capacity =620+ 200 =820 vehicles 

per hour. 

90 

vehi- 

NortH APPROACH 

Left-turning movement, phase 3.—Capacity of 

the 10-foot lane with 15 pereent trucks 

and 26-second green interval: 

capacity =1.10 X0.95 x 800 Xz 

240 vehicles per hour. 

Practical capacity =0.90 x 0.95 x 800 

200 vehicles per hour. 

26 
Possible 90> 

26 _ 

90 

Right-turning movement, phase 2.—Right turn- 

ing is 35 percent of the total volume on 

the north approach, or 240 < 2 = 130 vehi- 

cles per hour when the approach is operat- 
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35 
or 200 X 65> 110 

vehicles per hour when operating at prac- 

tical capacity. 

Capacity of this 10-foot right-turn lane for 

15-second separate green indication and with 

15 percent commercial vehicles: 

ing at possible capacity, 

Possible capacity =1.10* 0.95 x 800 a = 

140 vehicles per hour. 

Practical capacity =0.90 x 0.95 x 800 aa = 

115 vehicles per hour. 

Volumes of 130 and 110, above, therefore 

do not exceed the capacity of the right-turn 

lane. 

Total capacity of north approach.— 

Possible capacity =240+130=370 vehicles 

per hour. 

Practical capacity =200+110=310 vehicles 

per hour. 

Example 7 
Problem 

What is the possible capacity of each ap- 

proach of the multiple intersection shown in 

figure 31? 

Solution 

APPROACH A 

Phase 1.—The effective width of approach= 

33—12=21 feet (12-foot deduction for at 

least one bus always loading or unloading 

during peak hour; see adjustment I-4—A-—(d). 

Capacity of_approach for average condi- 

tions, from figure 24, for a street 2X21=42 

feet wide is 1,510 vehicles per hour of green. 

Total green interval per cycle for move- 

ments A to D and A to E is 34+26=60 

seconds (phase | plus phase 2). 

"During phase 1: 

A to D=3x AG = 0:57 X 4% =2.3%. of 

total approach volume. 

A to B=S2X 32% =0.57X 32% =18.2% of 
total approach volume. 

Adjustments: 

Cause Effect Facior 

Commercial vehicles !4_______-- (10—4) = + 6% 1.06 

Rion, (unis wissen 88 oe o (10—2.3)'446= + 4% 1.04 

TPM pbimelke f= SNe Sie Senna (10—0) = +10% 1.10 

Total factor =1.06X1.041.10= 1.21 

Possible capacity, phase 1=(1.10x1.21x 

34 
90 
Phase 2.—During phase 2: 

AAG D= 20x 4% =0.43X 4% =1.7% Of to: 
tal approach volume. 

A to B=28 32% =0.43X32%=13.8% of 
total approach volume. 

Total capacity, C, of approach A during 

x 1,510) +75 busses= 835 vehicles per hour. 

14 Within the limits of accuracy of the solution it may be 

assumed that busses (75 in number) comprise about 7 percent 

of the total approach volume. Since commercial vehicles, 

including busses, comprise 11 percent of the approach volume 

it follows that 4 percent of this traffic is made up of trucks, for 

which adjustment must be made. No adjustment is made 

for busses as commercial vehicles where the 12-foot deduction 

in street width is made: see adjustment I-4-A-(d). 

15 Movement A to £ is considered as part of the through 

movement. 
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phase 1 and phase 2 is composed of the follow- 
ing: 

835 vehicles per hour=total, all movement, 

phase 1. 

1.7% C=A to D movement, phase 2. 

13.8% C=A to EF movement, phase 2. 

Then: C=835+0.017C+0.138C. Solving, 

C=990 vehicles per hour. 

During phase 2: 

A to D=0.017990= 17 vehicles per hour. 

A to H=0.1388 X 990=136 vehicles per hour. 

153 vehicles per hour. 

The total, and the movement from A to £, 

are less than the capacity of a turning lane 

(see adjustment IIJ—A-(2). 

ApproacH EH 

Because the street is actually two-way, with 

a channelizing island, a capacity value from 

figure 24 is applicable, rather than a value 

from figure 26, which is for one-way streets. 

At point 6 consider left-turn movement to 

Aasa through movement. Capacity of ap- 

proach for average conditions from figure 24 

for a street of 2 26=52 feet is 1,930 vehicles 

per hour of green. 

Adjustments: 
Cause Effect Factor 

Commercial vehicles___-__------- (10-10) = 0% 1.00 

(Since commercial vehicles were not reported, use average 

conditions) 

RIED ebUEN Ss 22s ee ees ee (10— 2)4=+ 4% 1.04 

ect tums aes se ey eee :.. (0-0) =+10% 1.10 
INOIDIS GUO) aaa ee ee a ee ee ee ne + 5% 1.05 

Total factor =1.00X1.041.10X1.05= 1. 20 
4 , 18 

Possible capacity = 1.10 X 1.20 90 xX 1,930= 

510 vehicles per hour. 

a 
re) 
we 
wn 

wn 
= 
[va] 

APPROACH A A.M.PEAK 

COMMERCIAL VEHICLES: 

THROUGH AND RIGHT-6% 

LEFT -12% 

TURNING MOVEMENTS: 

RIGHT TURN-4% OF APPR. VOL. 

LEFT TURN -|I4% OF APPR. VOL. 

THROUGH MOVEMENT 82% 

DISTRIBUTION OF TRAFFIC BY 

DIRECTION, A,M.- PEAK: 

THROUGH TRAFFIC ONLY, A TO B= 65% 

THROUGH TRAFFIC ONLY, B TOA=35% 

BUS STOP NEAR SIDE 

At point a@ computations reveal a higher 

capacity. Point b therefore governs. 

ApproacH B 
Phase 1.—The effective width and capacity for 

average conditions are the same as for ap- 

proach A, 

Adjustments: 

Cause Effect Factor 

Commercial vehicles !6___.-______. (10—2) =+ 8% 1.08 

Right ns =) 2ee eee eee (10-8) '44=+ 1% 1.01 

Lettttirns: - Goss eee ee oes (10—0) =+10% 1.10 

Total factor=1.08X1.01X1.10= 1. 20 

Possible capacity, phase 1=(1.10 1.20 

aX 1,510) +90 busses=845 vehicles per hour. 

Phase 2.—¥rom approach E (above), possible 

capacity = 510— (0.02 510)=500 vehicles 

per hour.!” 

Phase 1 plus phase 2.—The possible capacity 

of approach B=845-+500=1,345 vehicles 
per hour. 

ApPpRoAcH C 

The capacity of the approach under aver- 

age conditions for a street width of 56 feet 

with streetcars, from figure 24, is 1,100 vehicles 

per hour of green. 

Adjustments: 
Cause Effect Factor 

Commercial vehicles_...-.-------- (10—6) =+4% 1.04 

Rightituriss ss see: ee ee ee (10—4)44 =+3% 1.03 

eft turnsss - 25.6 22 ee oe aa 10—(10+6) =—6% 0.94 

1.01 Total factor=1,04X1.03 X0.94= 

16 Busses are assumed to be 11 percent of the total traffic 

approaching from B, Other commercial traffic is therefore 

2 percent of the total: see footnote 14. 

17 The deduction made is for right turn # to B, 

INTERMEDIATE AREA 

FIXED TIME SIGNAL 

2 PHASE -CONTROE 

GYCEE-64 SEC, > “ 
a | Tt 

5: 2! GREEN ON A-B STREET =30 SEC. 

i 
WwW 
a! 

K 

APPROACH B_P.M,.PEAK 

COMMERCIAL VEHICLES -9% 
TURNING MOVEMENTS: 
RIGHT TURN-I2% 
LEFT TURN 6% 

NO BUS STOP 

180° 

PARKING 

Figure 32.—Illustrative example 8. 
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Possible capacity = 1.10 1.01 “ xX 1,100= 

825 vehicles per hour. 

ApproacH D 

As for approach C, the capacity for average 

conditions is 1,100 vehicles per hour of green. 

Adjustments: 
Cause Effect Factor 

Commercial vehicles_...-...---.--- (10-8) =+2% 1.02 

Rig weros se dos. sees we (10—6)144=+2% 1.02 

ORT Ly ae ees Se ep as Bie do—0) =+10% 1.10 

Total factor=1.02X1.02X1.10= 1.15 

24 
Possible capacity =1.10 1.15 90% 1,100= 

370 vehicles per hour. 

Example 8 

Problem 

What are the practical capacities of ap- 

proaches A and B of the intersection shown in 

figure 32? 

Solution 

APPROACH A 

Through and right-turn movements.—The re- 

ported capacity, from figure 24, for one 

approach on a street 30 2=60 feet wide with 

parking is 1,480 vehicles per hour of green 

(the left-turn lane is considered separately 

below). 

Adjustments: 

Cause Effect Factor 

Commercial vehicles__--.___------ (10-6) =+ 4% 1.04 

184/041) Ab ialay: pak, Slee A Be SE (10—4)4=+ 3% 1.03 

elt furns. -. he ew, eye ee ees (10-0) =+10% 1.10 

(Left turns on added turning lane: See adjustment II-2) 

IBUSIGLOD. Su ae Peeere oats seek SO (44+0)4=+ 1% 1.01 

(See adjustment I-4-B-(a): Left turns are considered as 

zero in this computation because they are made from an 

added turning lane.) 

Total factor =1.041.03X1.101.01= 1.19 

; : 30 
Practical capacity =0.90 1.19X@ax 1,480= 

720 vehicles per hour. 

Left-turn movement only.—Left turns are 14 

percent of the total approach volume, or 

720 a =117 vehicles per hour; or 117 X Ss 

250 vehicles per hour of green. With 12 

percent commercial vehicles, this is equal to 

280 equivalent passenger cars per hour 

of green. 

Check for capacity of left-turn lane.—The 

opposing through movement, B to A, during 

the morning peak is 35 percent of the combined 

through movement in both directions: 

Through movement A to B=720x 

Woop = 885 vehicles per hour. 

Through movement B to A = 685X 52 = 370 

vehicles per hour, or 370X $5 =790 vehicles 

per hour of green. 

With 9 percent commercial vehicles, this is 

equal to 860 equivalent passenger cars per 

hour of green. 

The capacity of the left-turn lane (see ad- 

justment II-3-(b) is 1,200—860=340 vehicles 

per hour of green. The left-turn movement 

of 280 passenger cars per hour of green, or 

117 vehicles per hour, can therefore be ac- 
commodated. 
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EEPARKING SSPARKING =: 

GREEN ON A-B STREET =36 SEC. 

oe ‘ 

DOWNTOWN AREA 
FIXED TIME SIGNAL 

2 PHASE CONTROL 
CYCLE-60 SEC. 

APPROACH A 

COMMERCIAL VEHICLES-10% 
TURNING MOVEMENTS: 

RIGHT TURNS-8% OF TOTAL APPR. VOL. 
LEFT TURNS-6% OF TOTAL APPR. VOL. 

NO BUS STOP 

Figure 33.—Illustrative example 9. 

Total practical capacity of approach A.— 

720+ 117=887 vehicles per hour. 

ApprRoAcH B 

The capacity of approach B, from figure 24, 

is the same as that for approach A, or 1,430 

vehicles per hour of green. 

Adjustments: 

Cause Effect Factor 

Commercial vehicles___. (10—9)= +1% 1.01 

Right surnses see ee (10—12)'4= —-1% . 99 

eftaiins ses eee (10—6) = +4% 1.04 

Parking restriction__... (12+6)—14(12+6) = +14% 1.14 

(See adjustment I-4-C) 

Total factor =1.01X0.99X1.041.14= 1,19 

iors any 30 
ractical capacity = 0.90 1.19 Xeq% 1,430 

=715 vehicles per hour. 

aa 
area AN 

oO 

Figure 34.—Illustrative example 10: infor- 

mation as in figure 33, except for park- 

ing on right side only with 120-foot 

restriction. 

Example 9 
Problem 

What is the practical capacity of the one- 

way street in figure 33? 

Solution 

From figure 26, the capacity when condi- 

tions are average is 1,620 vehicles per hour of 

green. 

Adjustments: 

Cause Effect Factor 

Commercial vehicles._.._--..----- (10-10) =0% 1.00 

Right and left turns. -......-.---- (20—-14)4=+38% 1.03 

Parking not restricted at inter- 

SOCEON eae et eee —-\Y4X14 =—4% _ 0.96" 

(See adjustment I-4-C) 

Total factor=1.00X1.03X0.96=_ 0. 99 

Practical capacity =0.90 x 0.99 X ab x 1,620 

=870 vehicles per hour. 

Example 10 
Problem 

What is the practical capacity of the street 

described in example 9, if parking is eliminated 

on the left and restricted 120 feet in advance 

of the cross walk on the right, as shown in 

figure 34? 

Solution 

From figure 26, the capacity when condi- 

tions are average is 2,250 vehicles per hour of 

green. 

Adjustments: 

Cause Effect Factor 

Right and left turns___--__ (20—14) 4% =+3% 1.03 

120-foot parking restriction. (— Mxi)-+14( ae 

(See adjustment I-4-C) =+4% 1.04 

Total factor =1.03X1.04= 1.07 

: : ’ 36 
Practical capacity = 0.90 1.07 Xz X 2,250 

60 
= 1,300 vehicles per hour. 

Example 11 
Problem 

eieeacdt ede ak 

What is the practical capacity of each inter- — 

section approach on the expressway shown in La 

figure 35? 

December 1949 © PUBLIC ROADS 

# a 

~~ 

‘ 



FRONTAGE ROAD 

GREEN INTERVAL-36 SEC. 
THROUGH MOVEMENT -300 VEH. PER HOUR 

COMMERGIAL VEHICLES~—15 % 

EXPRESSWAY 

APPROACH A 

GREEN INTERVAL-— 40 SEG, 

COMMERCIAL VEHICLES 
THROUGH 12% 

RIGHT TURN 20% 

LEFT TURN 8% 

TURNING MOVEMENTS 
RIGHT-14% OF TOTAL APPR, VOL. 

FEET 6.% OFahOTALy APPReVOL, 

THROUGH MOVEMENT - 80 % OF TOTAL APPR. VOL. 

BUS STOP-FAR SIDE 

Solution 

APPROACH A 

Through movement.— 1,000 i X 2=2,400 

passenger cars per hour of green (see adjust- 

ment V). With 12 percent commercial 

vehicles, 2,400X0.88=2,110 vehicles per 

hour of green; or 2,110X7e= 1,125 vehicles 

per hour. 
14% _ 2,110 X gy 97 =870 ve- 

hicles per hour of green, or 370—(0.20X 

370) +2X0.20 X370=445 equivalent passen- 

ger cars per hour of green. 
The capacity of the right-turn lane: 

Volume on frontage road=300 vehicles per 

hour, or 300 P= 625 vehicles per hour of 

green, or 625+ (0.15 X625)=720 equivalent 

passenger cars per hour of green. 

Right-turn capacity = 1,200 —720=480 pas- 

~ senger cars per hour of green, which is greater 

than the volume above. 

Right-turn movement.— 

Right-turn movement =370 X = 200 ve- 

hicles per hour, 

6% _ : 2,110X gq oz = 160. ve- 
4 

hicles per hour of green, or 160 Xa = 85 ve- 

Left-turn movement.— 

hicles per hour. 

Capacity of left-turn lane (not less than 

two vehicles per cycle) =2X ao = 96 ve- 

hicles per hour. 
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Peet 

| | 

FIXED TIME SIGNAL 
‘2 PHASE CONTROL —CYCLE-75 SEC. 

EXPRESSWAY 

— > FRONTAGE ROAD 

APPROACH B 

GREEN INTERVAL-40 SEC. 
COMMERCIAL VEHICLES-9% 

TURNING MOVEMENTS 

RIGHT -12% OF TOTAL APPR. VAL. 

EER G=——4 “o,OFMOTALSAPRPRAVAL. 

THROUGH MOVEMENT-84% OF TOTAL APPR. VOL. 

BUS STOP-NEAR SIDE, 55 BUSSES PER HR. 

Figure 35.—Illustrative example 11. 

(Note.—The added turning lane should have sufficient 

storage capacity to accommodate four standing vehicles clear 

of the through Janes.) 

Total capacity of approach AWw—  1,125+200+- 

85=1,410 vehicles per hour. 

ApproacH B 

Through movement.— 

Adjustments: 

Cause Effect Factor 

BUS SOD 24 sees ets tans soe e —(12X%)=—-6% 0.94 

(See adjustment V-3-B-2) 

Commercial vehicles_____-------- 

Total factor=0.94X0.91= 

—(9X1)= -—9% 0.91 

0.855 

Practical less busses= 2,400 

40 
0.855 Xae= 1,095 vehicles per hour. 

capacity, 

Total practical capacity =1,095+-55 busses 

=1,150 vehicles per hour. 

p Dus 12% és 
Right-turn movement. 1,150 X 84% 165 ve- 

hicles per hour. 

4% _ ore 
B49, 20° vehi- 

1,150+ 165-+- 

Left-turn movement.— 1,150X 

cles per hour. 

Total capacity of approach B.— 

55—=1,270 vehicles per hour. 

Example 12 
Problem 

An urban expressway in rolling terrain has 

two 12-foot lanes in each direction, and all 

cross streets are separated in grade except at 

one isolated intersection. At this intersection, 

calculations indicate that the volume of traffic 

on the cross street can be accommodated by a 

two-phase traffic signal if 30 percent of the 

elapsed time is allowed for movement on the 

cross street. 

The problem is to determine the minimum 

number of lanes in each direction on the 

expressway, at the intersection, that will 

enable the intersection approaches to accom- 

modate a volume of traffic equal to the capac- 

ity of the two 12-foot lanes where flow is 

uninterrupted. Turning movements from the 

expressway in either direction are: Right 

turns, 14 percent of approach volume; left 

turns, 5 percent of approach volume (see fig. 

36). 

Solution 

A 65-second signal cycle is assumed. (Any 

other length of cycle, within reasonable limits, 

would be equally satisfactory provided that 

the shortest green interval is at least 20 

seconds.) For the cross street, the green time 

will be 30 percent of 65, or 19.5 seconds, which 

may be rounded to 20 seconds. Allowing 5 

seconds for amber periods, there remain 40 

seconds of each cycle for Go time on the 

expressway. 
The practical capacity of the expressway 

under free-flowing conditions, with the pre- 

vailing number of commercial vehicles and in 

consideration of the nature of the terrain, is 

calculated as 1,100 mixed vehicles per lane per 

hour, or a total of 2,200 vehicles in each 

direction. 
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ISOLATED INTERSECTION AT 

GRADE ON EXPRESSWAY. 
FIXED TIME SIGNAL 

2 PHASE CONTROL 
CYC GERIG6 52SEC. 

GREEN INTERVAL APPROACHES 

A AND B-40 SEC. 

APPROACH A 

CROSSROAD COMMERCIAL VEHICLES-12% 
TURNING MOVEMENTS 
RIGHT-14% OF APPR. VOL. 

LEFT —5% OF APPR. VOL. 

EXPRESSWAY APPROACHING 

INTERSECTION 
LOCATED THROUGH ROLLING TERRAIN; 
12% COMMERCIAL VEHICLES; GRADE 

SEPARATIONS AT OTHER INTERSECTIONS 

Figure 36.—Illustrative example 12. 
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The capacity per 12-foot lane at the inter-— 

section is 1,200 vehicles per hour of green less 

necessary adjustments. It should be noted 4 

that adjustments for turning movements are 

necessary (% percent for right turns and 1 

percent for left turns) because the lanes used 

by turning vehicles are also used by through 

traffic. 

Adjustments: 

Cause Effect Factor 

Commercial vehicles_ .._------------- 12X1 =-—12% 0.88 

Right turnsss SA ae ee ee 144X% =— 7% 0.93 

Left. turns $225 eee 5 ee 5X1 =— 5% 0.95 

Total factor =0.88X0.93 X0.95= 0.78 

Intersection capacity per lane (average) = 

1,200 0.78 X 40 =575 vehicles per hour. 

Number of lanes required in each direction = 

2,200 
W575 

Four lanes, therefore, will be required in 

each direction at the intersection to accom- 

modate a volume equal to the uninterrupted 

capacity flow of the expressway. It will be 
necessary that all lanes be continued through 

and beyond the intersection in the manner 

shown in figure 36 because the added lanes 

would be used by through traffic as well as 

by turning traffic. 

=3.8 lanes. 

The length of each added lane in advance 

of the intersection, in feet, (D,; in fig. 36) 
should be not less than five times the green 

interval, in seconds, plus a gradual taper 

(7, in fig. 36). The combined length D,+ T; 

should be sufficient to permit vehicles to 

decelerate to a complete stop from a normal 

operating speed on the expressway within 

this length. 

The length of each added lane beyond the 

intersection (Dz in fig. 36) should be one and 

one-half times the distance D;, and the com- 

bined length D,+ 7, should be sufficiently 

great to permit vehicles to accelerate from a 

standstill to the operating speed of traffie on 

the expressway. 
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Part VIl.—Weaving Sections; Unsignalized Cross Movements 

Introduction 

Weaving sections are provided for one pur- 

pose—to permit the crossing at grade of 

vehicle pathways with the least possible inter- 

ference between vehicles. Weaving sections 

are usually selected as a compromise between 

the conventional intersection at grade, where 

delays are often excessive, and the grade sepa- 

ration, with its costly strueture and appur- 

tenances. Weaving sections are often pro- 

vided as adjuncts to grade separations. The 

traffic circle is, in actuality, a series of weaving 

sections, and there are many other applica- 

tions of the principle in the lay-out of con- 

trolled-access highways. Unless considera- 

tion is given to that volume of traffic which 

must cross the path of other vehicles in 

reaching its destination, the capacity of these 

higher type facilities may very easily be 

overestimated. : 

Two Classes of Traffic 

The vehicles using a weaving section fall 

logically into two classes: (1) Those entering, 

passing through, and leaving the section with- 

out crossing the normal path of other vehicles, 

and (2) those that must cross the paths of 

other vehicles after entering the section. The 

latter group are the weaving vehicles that 

make the facility necessary. Consideration of 

both types of traffic is essential in a study of A portion of a traffic circle, showing weaving sections. Rerouting of traffic on some of 

capacity, but an understanding of the ca- the approaches to this circle has been resorted to as a means of reducing the conflicting 

pacity of a weaving section is simplified if the cross movement at this point. 

behavior of each class of traffic is dealt with - 

separately. On a well-designed facility op- Behavior of Weaving Vehicles path of all vehicles entering from the other 
erating below capacity, the two classes will : approach—that is, if all traffic is weaving 

actually separate themselves one from the If all the vehicles entering a weaving section  traffic—it is obvious that every car must cross 
other almost as positively as they doin theory. from either approach are destined to cross the | the crown line somewhere between its extremi- 

ties (see fig. 37). At no instant can the num- 

ber of vehicles in the act of crossing this crown 

line exceed the number than can crowd into 

a single lane; provided, of course, that the 

CROWN LINE facility is operating as it should without 

vehicles being required to come to a stop 

before merging with the stream of traffic from 

the other approach. Thus, the total number 

of vehicles entering the weaving section, if 

all are weaving vehicles, cannot exceed the 

THE BASIC WEAVING SECTION capacity of a single lane.. This, simply stated, 

‘ is one of the rules governing the capacity of a 

weaving section. There are certain modifica- 

tions of this rule, as will be brought out later, 

but for the sake of clarity discussion of these 

modifications is momentarily deferred. 

Te 

LEFT WEAVING LANE LANE LINE THROUGH TRAFFIC LANE 

Speed Limited on Short Sections 

One of the elements affecting the capacity 
Eve So == ar of a traffic lane is the speed at which vehicles 

can or do travel. In the same manner, speed 

also influences the capacity of a weaving sec- 

tion. It. is in this respect that the length of 

“. the section plays a part in its capacity. To 

understand the relation between speed and 

length of section, let it be imagined for the 

Figure 37 (above).—The basic weaving section: all traffic weaves. moment that we have a weaving section of 

Figure 38 (below).—Dual purpose weaving section: serves weaving and nonweaving traffic. _ very short length, say 50 or 100 feet. 

RIGHT WEAVING LANE THROUGH TRAFFIC LANE 

DUAL PURPOSE WEAVING SECTION 
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Weaving sections on the Pentagon Network, Arlington, Va. 

Further, let it be assumed that traffic is 

composed entirely of weaving vehicles. At 

very low traffic volumes there will be little 

conflict between weaving vehicles even on this 

short section because gaps in the stream of 

traffic from one approach will, in most cases, 

coincide with the entry of vehicles from the 

other approach. As traffic becomes heavier, 

however, the probability of vehicles entering 

the section from the two approaches simul- 

taneously increases until at moderately heavy 

volumes many drivers will be required to stop 

and wait for a gap in the other stream of 

traffic. When the facility is taxed to its ca- 

pacity, most vehicles will be required to come 

to a halt and the weaving section fails to serve 

its intended purpose. Operation is then com- 

parable to that of an ordinary oblique inter- 

section, having a capacity of about 1,200 ve- 

hicles per hour. This value corresponds to 

the possible capacity of a single traffic lane at 

low speeds. 

Under more favorable conditions a weaving 

section of ample length may have a possible 

capacity that includes about 1,500 passenger 

cars per hour performing weaving maneuvers 

at an average operating speed of about 40 

miles per hour. The needed length for this 

speed is about 900 feet. The same volume of 

weaving traffic can be accommodated at a 

speed of 30 miles per hour by a section 450 

feet long. 

Nonweaving Traffic 

Only in rare instances will all traffic be 
weaving traffic although, as stated earlier, it 

is for service to the weaving traffic that the 

Weaving section owes its existence. As a 

secondary purpose, weaving sections must 
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accommodate the nonweaving traffic by means 

of added lanes adjoining either side of the 

weaving lanes (fig. 38). Determining the 
capacity of these nonweaving lanes involves 

no new principle, as the procedure is not 

different from that for any traffic lane on a 

multilane facility. If any weaving section is 

to function properly and efficiently, it is 

important that these added lanes have ade- 

quate capacity to serve the nonweaving 

vehicles. If nonweaving vehicles utilize the 

weaving lanes either through choice or throvgh 

necessity, they interfere with the vehicles 

that must weave to reach their destination, 

thus reducing the total number of weaving 

vehicles that can be accommodated. Appro- 

priate use of signs to direct drivers to the 

proper side of the approach road is essential, 

therefore, if the section is to operate efficiently 

during peak volume periods. Also, the 

effective length of a weaving section is 

Table 20.—Observed 
volumes on 

weaving sections 

influenced to some extent by the distance — 
ahead of the weaving section that drivers on 
one approach road can see traffic on the other — 

approach road. This distance may be used 

by drivers that must cross the paths of other 

vehicles to adjust their speeds before reaching 

the weaving section, so that the merging 
operation will be performed with a minimum _ 

of conflict between vehicles. 

Typical Examples 

Information regarding the relations between 

traffic volume, operating speed, and geometric 

features of weaving sections has been obtained 

from detailed studies conducted by the Bureau 

of Public Roads and from traffic volume data 

submitted by State highway departments and 

Committee members. Table 20 shows data 

pertinent only to the sections of considerable — 
length which were operating at or near capac- 

ity and for which detailed data such as speeds 

are available. 

Location No. 1—Pentagon Network 

Weaving section No. 1 lies between two 

ramps and serves a part of the traffic to and 

from Arlington Memorial Bridge at Washing- 

ton, D. C., as well as some traffic from Lee 
Boulevard destined for the Pentagon Building 

in Arlington, Va. Trucks are not allowed on 

this facility and, except for a negligible num- 

ber of busses, traffic is composed entirely of 

passenger cars. There are no lane lines or 

longitudinal joints on the bituminous surface, 

but both approaches and the exit to the left, 

which serves as a ramp approaching the bridge, 

are used as two lanes. The weaving section 

is of sufficient width to accommodate four 

lanes of traffic. Figure 39 shows the number 

of vehicles in each lane on the approach road- 

ways that entered each lane on the exit road- 

ways but does not show the exact points at 

which the weaving maneuvers took place. 

Vehicles from Lee Boulevard, or those ap- 

proaching the weaving section from the right, 

traveled at an average speed of about 25 miles 

per hour. Speeds on the ramp from Memorial 

Bridge averaged 20 miles per hour with about 

5 percent of the vehicles coming to a complete 

Traffic volume in vehicles per hour Dimensions 

Sirti ] 

me Number of lanes at— 

Length ZL 

A B N C D 

Feet 
1 hoe aoa 1, 140 4 3 4 2 3 
2 ee 1, 146 2 3 24 2 2 
pie ee eo 921 3 3 4 3 2 
pra: eens ots 488 3 2 3 2 3 
i et > ery ae! 550 3 3 5 2 3 
6 See 550 3 3 5 Z 3 
Co ee ae 550 3 3 5 2 3 
eee Tee ae 550 3 3 5 2 3 

tribution structure. 
? Narrows from 44 feet to 27 feet approximately midway of length. 

Approxi- 
mate 

Ww W. | Witw| F | Fs | Total | Speeds 

M. ph. 
1,496 | 1,794| 3,200] 0| 246] 3,536 25 

72| 712} 2484] o| 240] 2724 18 
1,000} °309| 1,309] 915| 790} 3,014 40 
1698 | 276] 1.974| 450| 348| 2,772 22 

419 | 1,676| 2095| 342| 764| 3,201 28 
1,351} °384| 1,735] 450| 582| 2.667 30 

945| 755] 1.690| 714] 437|  2)841 7 
509 | 1,672] 2181 | 638| 425| 3,244 25 

i 1 Locations 1-4 are on the Pentagon Network, Arlington, Va.; locations 5 and 6 are on the San Francisco Bay Bridge dis- 
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Figure 39.—Weaving section on roadway under Memorial Avenue near west end of Memorial Bridge, Washington, D. C. (morning rush 

stop before entering the weaving section. 

Near the exit from the weaving section, ve- 

hicles in the left lane were spaced as closely 

together as possible and all were moving at 

practically the same speed—15 to 20 miles per 

hour. The average speed in the right-hand 

lane near the exit was about 25 miles per hour 

with 20 percent of the vehicles traveling 30 to 

35 miles per hour. 

It was apparent during the period of peak 

volume that the desired number of weaving 

maneuvers could not be performed in a safe 

and efficient manner, as evidenced by the 175 

vehicles destined ,to the right-hand exit 
that were forced to stay in the left lane for 

the full length of the weaving section before 

crossing the path of vehicles taking the left- 

hand exit. Also, it was obviously impossible 

for all vehicles turning left to Memorial Bridge 

to enter the left lane, which accommodated 

1,583 vehicles in the 1 hour and frequently 

accommodated vehicles at a rate approaching 

the basic capacity of 2,000 vehicles per hour 

for periods of several minutes duration. 

LENGTH 570' 
GRADE LEVEL 

period, 7:45-8:45 a. m., November 13, 1947). 

Location No. 2—Pentagon Network 

Figure 40 shows the details of location No. 

2, the same facility as location No. 1, but as 

it appeared in 1946 prior to improvement to 

the present lay-out. It will be noted that the 

improved facility (fig. 39) accommodates about 

700 vehicles per hour more than the number 

observed on its predecessor. This over-all 

increase consists almost entirely of weaving 

vehicles. The service rendered to 3,429 

vehicles is comparable to that previously 

rendered to the 2,724 vehicles per hour using 

the former facility. Since the improvement, 

there has been a slight increase in speed, and 

weaving maneuvers can be performed with 

somewhat greater ease. The present facility 

provides slightly better service because only 

175 vehicles, as compared with 270 on the 

earlier facility, are forced to travel the full 

length of the section in the left lane before 

being able to cross to the exit leading to 
road A. On the old facility, represented by 

figure 40, nearly all weaving maneuvers were 
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performed on that portion of the section north 

of Memorial Avenue, whereas on the newer 

facility, weaving is accomplished throughout 

the length of the weaving section. 

Location No. 3—Pentagon Network 

Pertinent physical features and the maxi- 

mum observed traffic volume at location 

No. 3 on the Pentagon Network, commonly 

referred to as the southbound mixing lanes, 

are shown in figure 41. At this location the 

two approach routes and the two exit routes 

are of equal importance so no one of the four 

traffic movements has been shown any prefer- 

ence. The arrows show only the total volume 

entering and leaving on each roadway. 

Studies have shown that the average speed 

is 37 miles per hour on the two approach roads, 

with the following distribution of speeds: 

Percent 

BelowaoO mrp nesses ye eee 14 

SOs OOO Hes eeueee SS sels 53 

A0stOn49sIn jean oe ea () 

SOMO a0 eOrsOV eles 22. eae 3 

Figure 40.—Maximum observed hourly traffic volume on mixing lane section on roadway under Memorial Avenue near west end of 
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Memorial Bridge, Washington, D. C. 
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Figure 41.—Maximum observed hourly traffic volume on mixing lanes for south-bound traffic at junction of road A from Memorial Bridge 

and road C from U S 1, Arlington, Va. 
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Figure 42.—Maximum observed hourly traffic volume on mixing lanes for north-bound traffic at junction of road K from Ridge Road and 

Very few drivers reduce their speeds while on 

or approaching the weaving section during 

off-peak periods. During the peak period 

represented in figure 41, however, there was a 

very noticeable difference between the average 

speeds on the approach roads and the speeds 

on the weaving section. Few vehicles involved 

in the weaving maneuvers traveled at speeds 

Entrance turn from ramp to freeway. 

is sufficient to fill the available spaces in the first lane of the freeway. 

cent to the median is almost devoid of traffic. 
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the Shirley Highway, Arlington, Va. 

in excess of 30 miles per hour, and on several 

occasions during the hour the two weaving 

lanes became filled for the entire length of the 

section with vehicles at a standstill. These 

periods generally lasted for less than a 

minute and the condition usually developed 

when a queue of vehicles from each of the two 

approach roads traveled nearly the entire 

Although traffic from the ramp is rather light, it 

The lane adja- 

This characteristic tendency for traffic 

to distribute itself between lanes results in many of the spaces being shielded against 

occupancy by vehicles from the ramp. 

length of the section at approach road speeds 

without performing the necessary weaving 

maneuvers before coming to a complete stop 

immediately ahead of the apex separating,the 

exit roadways. 

During the hour of study, the total flow 

was 3,014 vehicles, including 309 passenger 

cars from one approach road that crossed the 

paths of 1,000 vehicles (4 percent dual-tired 

trucks and busses) from the other approach 

road. Although the roadway appeared to 

have reached its practical capacity, the volume 

of traffic approaching on the right and leaving 

on the right, or approaching on the left and 

leaving on the left, could have been consider- 

ably greater without increasing the conges- 

tion had these vehicles not become involved 

with the ones that were weaving. Also, 

lower approach-road speeds would have per- 

mitted a larger number of vehicles to perform 

the necessary weaving maneuvers within the 

same length of weaving section without in- 

creasing the apparent congestion. This sec- 

tion exceeds the minimum length required for 

the prevailing volume of traffic, but the added 

length overcomes in part the deficiency of 

inadequate signs and the absence of lane lines. 

Location No. 4—Pentagon Network 

The traffic movements at location No. 4 on 

the Pentagon Network are shown by figure 

42. In this case, traffic approaching on the 

Shirley Highway (road D) headed toward 

Washington (also road D) has been shown a 

definite preference by the arrangement of the 

longitudinal joints, which act as lane lines, 
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and by the general alinement. Trafficslowed 

to about 20 miles per hour for short periods : 
during the hour of peak volume. A slight 

increase in the total volume of weaving 

_ traffic would have resulted in very congested 

conditions. 

Weaving Sections Limited in 
Practical Application 

The results of analysis of available data on 

traffic volumes and speeds on weaving 

sections are shown by figure 43. Basically, 

traffic on a weaving section is affected by 

density in much the same manner as on a 

roadway with uninterrupted flow. Maximum 

volumes occur at speeds between 20 and 30 

miles per hour. Higher speeds are possible 

only at volumes and traffic densities lower . mae i —_— 

than those found when the facility is operating Weaving section for north-bound traffic at the junction of Shirley Highway and Washington 

at its possible capacity. Whenever traffic Boulevard, Arlington, Va. 

density exceeds the critical density, speeds 

fall below 20 miles per hour, the capacity 

is lowered, and complete congestion or The curves in figure 43 show that there isa required for a given speed with an increase in 

stagnation may occur within a few seconds. rapid increase in the length of the section the number of weaving vehicles. Doubling 

the traffic volume approximately triples the 

3500 length of section required and doubles the 

number of lanes required for the weaving 

vehicles. 

Figure 44 shows schematically the weaving 

maneuvers that must take place when the 

number of weaving vehicles is double the 

normal capacity of a traffic lane. All vehicles 

are shown crossing the crown line either in 

the first one-third orjlast one-third of the 
section. Each vehicle is involved in two 

weaving maneuvers with"the result that four 

times aS Many weaving maneuvers must be 

performed as with half the volume. Theo- 

retically, at least, this illustrates the need for 

tripling the length for twice the volume. 

In practice, however, most drivers, knowing 

in advance that they must cross the crown 

line, attempt to gain a position on the ap- 

proach road which is most favorable for the 

3500 
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N=Number of lanes 

W, =V.P.H. in the larger weaving movement 

W2=V.P.H. in the smaller weaving movement 

F, and F,= V.P.H. in outer flows 500 early performance of the weaving maneuver. 
C= Normal uninterrupted-flow capacity for approach. i 

and exit roadways in vehicles per lane per hour As a result, the two streams of vehicles that 
IN GENERAL WHEN AN OUTER FLOW EXCEEDS 600 PASSENGER CARS PER HOUR, THE SECTION must weave approach each other with no gaps 

SHOULD BE WIDE ENOUGH TO PROVIDE A SEPARATE LANE FOR THIS MOVEMENT 

ie) to permit an interchange of positions. Any 
Pee a6 8 2 102 12414 16 18) 20022) 246 26" 1281308 32434 36-38 weaving section, regardiess-of its length’ or 

LENGTH OF WEAVING SECTION (L) — HUNDREDS OF FEET number of lanes, will become badly congested 

Figure 43.—Operating characteristics of weaving sections. when the number of weaving vehicles ap- 

proaches the possible capacity of two traffic 

lanes. Operating conditions will seldom be 

entirely satisfactory unless the traffic on the 

approach roadways is well below the practical 

eas / capacities of these approaches and the weaving 

eee se section has one more lane than would nor- 

Ses gee We ONS Ley. mally be required for the combined traffic 
from both approaches. For this reason, 

weaving sections are considered practical only 

eee ye ee where the two intersecting one-way roadways 

each carries less than the normal capacity of 

two lanes of a one-way roadway and the total 

number of vehicles required to weave does 

not exceed 1,500 per hour. In computing 

capacities, allowance must be made for 

trucks, lanes of substandard width, etc., on 

the same basis as in the case of multilane 
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Figure 44.—A compound weaving section. roadways. 
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Part Vil.—Ramps and Their Terminals 

INTRODUCTION 

The efficiency of traffic movement on free- 

ways or expressways and the extent to which 

their potential capacities can be realized 

depends directly on the adequacy of the 

facilities that are provided for entering and 

leaving these highways. Improperly planned 

entrances can seriously limit the traffic vol- 

umes that can use an expressway, and exit 

facilities incapable of accommodating vehicles 

leaving the highway at one point, even though 

the number be relatively few, can cause com- 

plete congestion of all traffic. 

While the subject of ramp capacities has 

been considered by the Committee and much 

factual data have been collected, only a few 

generalizations can be drawn at the present 

time that might be helpful in dealing with 

problems concerning ramp capacities. No 

exact rules are applicable to all ramps because 

their capacities are so closely related to the 

particular lay-out, especially at the terminals. 

The primary purpose of this section, there- 

fore, is to furnish some knowledge of traffic 

operations on ramps that can be utilized by 

engineers in rationalizing the various elements 

that should be considered. 

The capacity of a ramp is affected by the 

character of traffic, gradient, width, curva- 

ture, and the speed at which vehicles operate. 

The sharp curvature on most ramps usually 

limits the possible capacity to that attained 

on a tangent section at speeds below 20 miles 

per hour. At the higher speeds, drivers find 

it difficult to stay within their lane and have 

a tendency to maintain a somewhat greater 

headway than is normal on tangent sections. 

This happens despite the fact that lanes 

wider than 12 feet are often provided on 

ramps. 
Except on ramps having extremely long 

radii, and on direct connections having a low 

degree of curvature, the lane capacity of the 

ramp itself, when the entrance or exit does 

not govern, is usually of the order of 1,200 

passenger cars per hour. Thus, a ramp 

having a nominal width of two lanes (usually 

28 or 30 feet) should accommodate about 

2,400 passenger cars at an average speed of 

12 to 15 miles per hour. Actual examples of 

ramp movements of this magnitude are rare, 

indeed, because few of the terminals are so 

planned that traffic entering and leaving the 

ramp can do so with the necessary freedom 

of interference from traffic on the major high- 

ways or streets. 

Even on some of the most modern facilities, 

there is a tendency for traffic to move in a 

single line at one or two points on the ramp. 

The point of constriction is usually at either 

the entrance or the exit to the ramp. Under 

such conditions the possible capacity of the 

ramp will be about 1,200 vehicles per hour. 

This probably accounts for the common belief 

that the capacity of any ramp will not exceed 

1,200 to 1,500 vehicles per hour and therefore 
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Ramps may be of different forms, but the two general classes are inner loops and direct 

connections, 

the ramp should be tapered to confine vehicles 

on the ramp to one lane as they enter an 

expressway. However, there is little reason 

to think that ramp terminals cannot be so 

planned that much larger volumes of traffic 

can be handled with ease. Further, there 

are a few existing facilities where much higher 

volumes have been observed. One such 

example is the ramp shown as the left exit of 

the weaving section illustrated in figure 39. 

Nearly every day about 2,100 vehicles per 

hour during the morning rush hour use this 

ramp, which is approximately semicircular in 

shape and has a radius slightly over 200 feet. 

The vehicles from the ramp merge with about 

1,200 vehicles per hour in three lanes at the 

ramp terminal. 

Another example of an unusually heavily 

traveled ramp is the Dearborn Street inter- 

change on North Lakeshore Drive in Chicago. 

At the on-bound ramp 2,092 vehicles in 1 hour 

have been observed merging with 5,923 ve- 

hicles on the expressway. The ramp is a 

direct connection and traffic merges in six 

lanes. The off-bound ramp at this inter- 

change has been observed to discharge 2,482 

vehicles in 1 hour, This is also a direct 

connection. 

Where direct connections having sufficiently 

large radii of curvature and superelevations 

to permit speeds of 30 miles per hour or more 

during heavy traffic volumes are employed, 

the practical capacities of the lanes on the 

ramp and the expressway may be calculated 

as for any traffic lane in the manner outlined 

in part IV, providing traffic using the ramp is 

not hampered in entering and leaving the 

ramp by through traffic on the highways which 

the ramp connects. Generally, however, the 

capacity of a ramp is controlled by conditions 

at or near the terminals. 

CONDITIONS AFFECTING RAMP 

CAPACITY 

There are almost an unlimited number of 

different conditions and combinations of con- 

ditions that limit the number of vehicles that 

can use a given ramp, or that determine the 

necessary ramp design for a certain number 

of vehicles. Only a few of the more important 

conditions that must be considered are covered 
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in the following discussion. Any one of these 

might be the controlling factor for a particular 

location. 

Volumes During Peak Periods 

For no portion of a highway is it more im- 

portant to know the volume of traffic in the 

various movements during peak periods than 

when trying to design an adequate ramp or 

when estimating the capacity of an existing 

ramp. Annual volumes or 24-hour volumes 

for the various movements are of little value, 

because the peak volumes on some ramps do 

not coincide with the peak volumes on the 

highways. Oftentimes the peak volume on 

one ramp will occur during periods when the 

traffic volumes on other nearby ramps or on 

the highway are relatively low. For this 

reason, the traffic volume that can be accom- 

modated by a particular ramp will vary from 

time to time depending on the traffic volumes 

using the facilities that it connects. 

Weaving Distance Between Ramps 

The number of vehicles that can leave or 

enter a ramp is sometimes controlled by the 

number of vehicles leaving or entering the 

same highway on adjacent ramps. In the 

case of the two inner loops of a cloverleaf 

design which are used by traffic traveling in 

the same direction on a main highway, traffic 

entering the main highway from the on-ramp 

must weave with traffic entering the off-ramp. 

For this condition, the capacity of the section 

of roadway between the two ramps can be 

calculated in the same _manner as for any 

weaving section. If the distance between the 

two inner loops is very short, the combined 

A ramp terminal where the traffic demand exceeds the capacity of the expressway. 

peak periods traffic must be directed by a police officer. 
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capacity of the two ramps would be restricted 

to a total of about 1,200 passenger cars per 

hour at a speed of less than 20 miles per hour. 

This is one reason that designs in which vehi- 

cles leave an expressway facility ahead of the 

point where vehicles enter the facility are 

preferred to the cloverleaf design, especially 

when the movements on two adjacent inner 

loops are at or near their peaks at the same 

time. 

Terminal Conditions 

The entrance to a ramp might be made from 

a facility on which the flow of traffic is un- 

interrupted, or it might be from a highway or 

city street with cross traffic at grade and be 

in the immediate vicinity of an intersection 

controlled by traffic lights. Likewise, the 

exit from a ramp might be made either to a 

facility with uninterrupted flow or to a high- 

way or street with cross traffic at grade. 

Furthermore, either or both of the roadways 

which the ramp connects might have accelera- 

tion and deceleration areas or added lanes for 

the vehicles using the ramp. Also, if there 

are no acceleration areas or added lanes, the 

general lay-out may be such as to require 

traffic to stop before entering the highway or 

street. There are many different conditions 

that can exist at the entrance and exit of a 

ramp, any one of which might control the num- 

ber of vehicles that can use the particular 

ramp. 

At-grade intersections in vicinity of ramp 

Traffic approaching a ramp leading to an 

expressway and traffic on a ramp leading from 

an expressway must oftentimes pass through 

an intersection at grade in the immediate 

During 

vicinity of the ramp. The volume of traffic 

that can be accommodated by the ramp is then 

dependent on the capacity of the nearby inter- 

section. When this is the case, the informa- 

tion on intersection capacities should be ap- 

plied when estimating the maximum volume 

of traffic that can enter or leave the ramp. 

Entrance to expressway from ramp 

It is a common practice to assume that as 
many vehicles can enter an expressway from 

a ramp as the difference between the capacity 

of the expressway beyond the ramp and the 

traffic volume on the expressway ahead of 

the ramp. For example, if a four-lane 

divided expressway had a practical capacity 

of 3,000 vehicles per hour in the one direction 

and there were 1,800 vehicles per hour on the 

expressway just ahead of the on-ramp, it 

would normally be assumed that 1,200 vehicles 

per hour could enter the expressway from the 

ramp. With no acceleration area, this would 

be true only if the 1,800 vehicles already on 

the expressway could and would crowd into 

the one traffic lane before reaching the on- 

ramp. It would also be true if there were an 

acceleration area of the same length as the 

distance necessary for 3,000 vehicles traveling 

in three lanes to crowd into two lanes without 

a marked reduction in speed. 

Obviously, vehicles from a ramp can enter 

an expressway only in the available spaces 

between vehicles operating in the first lane 

of the expressway. The higher the traffic 

volume on the expressway, the less opportunity 

there will be for vehicles to enter the express- 

way when other conditions are comparable. 

The length of the space between vehicles 

on the expressway that will be utilized by a 

driver entering from a ramp will vary for 

different drivers and with the frequency of 

such spaces and the speed of traffic. If a 

driver has to wait a long time for the occur- 

rence of a space which he normally considers 

entirely adequate, he is apt to take advantage 

of a somewhat shorter space that occurs more 

frequently. 

The results of a study made to determine 

the spacing between vehicles in the first lane 

of an expressway that drivers utilize in enter- 

ing from a ramp on the right are shown by 

figure 45. These results represent only one 

particular set of conditions, i. e., a continuous 

back-log of vehicles on a ramp 20 feet wide 

with a stop sign strictly enforced and no 

acceleration area for traffic before entering 

the through lanes of the expressway. To 
eliminate or at least reduce the effect of one 

of the variables—the speed of traffic on the 

expressway—the spacing between vehicles on 

the expressway has been expressed as the time 

interval between vehicles as they approached 

the location of the ramp. 

The upper part of figure 45 shows that 

some drivers, although very few, entered the 

expressway from the ramp when the time 

spacing (center to center) between passenger 

cars in the first lane of the expressway was 

as low as 1 second. Other drivers would not 

enter unless the time spacing was as high as 

17 seconds. In other words, with a double 

line of vehicles on the ramp waiting to enter 
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Figure 45.—Utilization of available spaces between vehicles in the first lane of an express 

highway by vehicles entering from a ramp 20 feet wide with stop control (during peri- 

ods when two lines of vehicles were waiting to enter the expressway from the ramp). 

the expressway, none of the spaces shorter 

than 1 second between vehicles in the first 

lane of the expressway were utilized by ve- 

hiecles from the ramp. Likewise, 20 percent 

of the 3-second spaces, 54 percent of the 5- 

second spaces, and all of the spaces 17 seconds 

or longer were utilized by vehicles in entering 

the expressway from the ramp. When the 

space occurred ahead of a truck on the express- 

way, an entrance from the ramp was never 

made unless the time space was at least 2 

seconds, and at least one vehicle always en- 

tered when the time space was 15 seconds. 

The lower part of figure 45 shows-the aver- 
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age number of vehicles that entered the 

various spaces in the first lane of the express- 

way. Although only 54 percent of the 5- 

second spaces were utilized, an average of 2.8 

vehicles entered each of the utilized spaces 

making an average of 1.5 vehicles that entered 

the expressway for each available 5-second 

space. The detailed data show that vehicles 

which utilized spaces less than 4 seconds long 

came almost entirely from the right-hand 

lane of the ramp, whereas approximately half 

of the vehicles that entered any space longer 

than*4 seconds came from the left lane of the 
ramp. 

Lane usage 

Information of the type shown by figure 45 

in combination with lane usage on an express- 

way and the frequency of occurrence of 

various time spaces between vehicles at 

different hourly volumes may be used to 

determine the maximum number of vehicles 

that can enter an expressway from a ramp 

when there is no acceleration area. With un- 

interrupted flow, the frequency of occurrence 

of various time spaces between vehicles in a 

lane is very consistent for a given traffic 

volume regardless of the other prevailing 

conditions, and can be predicted with a high 

degree of accuracy from the results of com- 

prehensive studies (see figs. 9 and 10 in part 

Iv). Lane usage, or the percentage of vehicles 

in each lane, will vary, however, for different 

total traffic volumes and for a large number 

of physical and geometric conditions that 

might prevail in the vicinity of a ramp. 

Oa a modern four-lane express highway at 

tangent locations that are not in the vicinity 

of an intersection, traffic will generally be 

distributed between the two lanes for the one 

direction of travel approximately as shown by 

figure 46. As the traffic approaches an inter- 

change or a ramp, the distribution between 

lanes will change and the extent of the change 

will depend on the particular lay-out at the 

interchange, the amount of traffic that enters 

and leaves the expressway at the interchange 

or ramp, and the effectiveness of the direc- 
tional signs and pavement markings. 

Figure 47 shows the distribution of traffic 

between the lanes on an expressway at the 

approach to a ramp on the right with a 

continuous back-log of vehicles trying to enter 

the expressway. In the one case, as shown 

by the solid line, traffic from the ramp was 

required to stop before entering the express- 

way whereas, in the other case, as shown by 

the broken line, an acceleration lane was 

available and entering traffic did not neces- 

sarily stop. 

For both conditions shown in figure 47, 
most of the traffic on the expressway used 

the second or left-hand lane during low traffic 

volumes to avoid interference with traffic 

entering from the ramps. As the traffic 

volume on the expressway increased, however, 

the distribution between lanes became more 

nearly equal, there being a somewhat greater 

tendency for the drivers to avoid the right- 

hand lane when entering traffic was not 

required to stop than when it was required to 

stop. With an acceleration area available, 

therefore, it is not only easier to perform the 

merging operation than when there is a stop 

sign on the ramp and no acceleration area, but 

there are more spaces between vehicles in the 

first lane of the expressway that can be 

utilized by traffic entering from the ramp. 

The most important point illustrated by 

figure 47, however, is that the effect which 
the ramp has on the distribution of traffic 

between lanes during low traffic volumes on 

the expressway is not apparent when the 

volume exceeds 1,000 vehicles per lane. 

Drivers will not crowd one lane to leave 

another lane comparatively free of traffic so 

that other drivers from a ramp can enter more 
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Figure 46.—Distribution of vehicles between traffic lanes on a four-lane highway during 

various hourly traffic volumes. 

easily. This is one reason that it is not and stop-sign control occurred when the flow of vehicles from 2,130 per hour to 2,900 
proper to assume that as many vehicles can 

enter an expressway from a ramp as the dif- 

ference between the capacity of the express- 

way beyond the ramp and the traffic volume 

on the expressway ahead of the ramp. 

The possible capacity of a particular ramp 

in relation to the volume of traffic on an ex- 

pressway is shown by figure 48. The design 

at this location provided a stop sign to control 

trafic from the ramp. Recently, however, 

police-officer control has been necessary during 

peak periods to handle the increased traffic 

volumes without long delays to traffic on the 

ramp. Stopping through traffic on a facility 

designed for freeway or expressway operation 

is extremely undesirable but, as in this case, 

such a procedure will eventually have to be 

resorted to on many of the freeway facilities 

now being designed unless careful considera- 

tion is given to capacity aspects of the designs 

employed in the vicinity of ramps. In at 

least one case, it has been necessary to pro- 

hibit the use of a ramp during peak periods 

to prevent traffic on the entire expressway 

from coming to a standstill. 

The conditions illustrated by figure 48 

represent an expressway with a maximum 

possible capacity of 3,050 vehicles per hour in 

the one direction and a ramp with a maximum 

possible capacity of 2,480 vehicles per hour. 

Neither of these capacities could be realized, 

however, except when the traffic volume on 

one of the two was zero. The greatest differ- 

ence in total capacity between police-officer 
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volume approaching on the expressway was 

about 1,500 vehicles per hour. Under this 

condition, officer control increased the total 

per hour, or 36 percent. Even with this 

increase, however, the traffic that could enter 

from the ramp was limited to 1,400 vehicles 
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Figure 48—Variation in ramp capacity with volume of traffic on an expressway: 

ramp 20 feet wide, with no acceleration area. 

per hour, or only 90 percent of the volume 

needed to fill the expressway to its capacity. 

Exit from expressway to ramp 

In addition to the actual geometric features 

near the point where traffic leaves an express- 

way to enter a ramp, the maximum volume 

of traffic that can enter a ramp without 

causing unsatisfactory operating conditions on 

the expressway is influenced (1) by the total 

volume of traffic on the expressway, (2) by 

the percentage of this total volume that 

desires to use the ramp, and (8) by the per- 

centage of commercial vehicles. Regardless 

of the general lay-out, within reasonable 

limits, 1,200 to 1,500 vehicles per hour can 
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enter a ramp in one line if all of these vehicles 

and no other vehicles are in the lane adjacent 

to the ramp. Likewise, two lines of traffic 

or 2,400 per hour can enter a ramp if all of ’ 

these vehicles are in the two lanes of the 

expressway adjacent to the ramp and the 

drivers in the second line can be sure that 

all vehicles in the first line are headed for the 

ramp. 

A perfect segregation of the traffic bound 

for a ramp seldom occurs ahead of the ramp, 

especially when an expressway is loaded to 

capacity or near capacity volumes. Some 

through vehicles, especially those driven by 

the slow, cautious drivers or the drivers look- 

ing for destination signs, and the commercial 

EP 

vehicles, will be in the right-hand lane of the 
expressway. If a ramp is on the right, these. 
vehicles occupy spaces in the lane that could — 

otherwise be used by vehicles entering the 

ramp. They also cross the paths of vehicles 

entering the ramp from the second lane, there- 

by creating a hazardous condition whenever 

the traffic volume entering the ramp exceeds 

1,200 to 1,500 vehicles per hour, which 

require the use of two Janes. 

The tendency of some drivers of through 

vehicles to stay in the right-hand lane where 

other traffic leaves the expressway by a ramp 

on the right is illustrated by figure 49. The 

distribution by lanes at the low traffic vol- 

umes differs greatly from the distribution 

found on sections where there are no ramps 

(fig. 46). It also differs from the distribution 

at the approach to a ramp used by traffic 

entering an expressway (fig. 47). At the near- 

capacity volumes, however, the difference for 

the various conditions is much less marked, 

there being a tendency in all cases for traffic 

to be fairly evenly divided between the lanes. 

~ 

— 

(ote oe mal 
CONCLUSIONS Aa 

Although the data presented in the fore- 

going discussion show ramp capacities for 

only a few specific conditions, application of 

the information relative to lane usage on 

expressways is of assistance in rationalizing 

, 

~~ 

the problems concerning ramp capacities 

under a wide variety of conditions. 

The following conclusions briefly summarize 

the more important facts concerning ramp 

capacities: e | 
1. The capacity of a ramp may be limited 

by either the width and alinement of the ramp, 

or by traffic and physical conditions at either + 

terminal. 

2. With the curvatures and traffic condi- 

tions that are generally present at ramp loca- 

tions, it is usually difficult to obtain better 
than the equivalent of single-lane operation on 

the ramp. With such operation, the ramp 

capacity normally will not exceed 1,200 pas- 

senger cars per hour with a possible maximum 

of 1,500 passenger ears per hour when vehicles 

can keep moving at a speed of 15 to 20 miles f 

per hour (minimum radius about 100 feet). 
Serious consideration should be given to the 

provision of additional ramps when the traffic 

demand exceeds 1,200 vehicles per hour on 

any one ramp, unless conditions required for 

safe two-lane operation can be satisfied. 

Conditions that must be present to enable a 

ramp to accommodate 1,200 vehicles per 
hour are: 

(a) Adequate ramp width for off-track- 

ing and turning requirements of com- 

mercial vehicles (note: The 1,200 figure 

is for passenger cars and must be lowered 

to compensate the effect of commercial 

vehicles that aie present. As aminimum, 

each commercial vehicle with dual tires 
has the effect of two passenger cars). 

(b) Adequate surface or shoulder width 

for disabled vehicles, especially on up 

ramps. 

(c) Adequate speed change areas, or 

excess capacity of the roadways connected 

by the ramp. 
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3. It is possible for a ramp and its terminals 

to handle traffic volumes exceeding 1,200 

vehicles per hour under certain conditions. 

The following are some of the conditions that 

must be satisfied: 

(a) Adequate surface width and radius 

of curvature (at least a 28-foot surface 

and a minimum radius of about 200 feet). 

(b) At least one through lane on each 

highway entirely free of traffic other than 

that using the ramp, and a second lane on 

each highway sufficiently free of through 

traffic to accommodate the ramp volume 

which is in excess of 1,200 vehicles per 

hour (generally the exit and entrance to 

the ramp must have design characteristics 

similar to those at a Y intersection of two 

highways). 

4. In considering the availability of spaces 

in the through traffic lanes into which vehicles 

from the ramp may enter, the following factors 

are important: 

(a) At traffic volumes below 1,000 

vehicles per lane per hour on a multilane 

highway, there is a marked tendency for 

traffic approaching an entering ramp to 

shift away from the lane adjoining the 

terminal of the ramp, thereby avoiding 

interference with vehicles from the ramp 

and providing a better opportunity for 

vehicles to enter the highway. When the 

volume in one direction on the highway 

exceeds 1,000 vehicles per hour.per lane, 

however, this tendency to shift away from 

the lane adjoining the ramp does not 

occur, and trafic maintains approxi- 

mately the same distribution between the 

lanes at the ramp terminal as on sections 

where there are noramps. This is partic- 

ularly true at locations where there are 

stop signs for vehicles entering from the 

ramp. Where there are acceleration 

areas without stop-sign control for vehi- 

eles from the ramp, a somewhat higher 

percentage of the through traffie will use 

the lane farthest from the ramp than 

normally uses this lane at locations re- 

moved from the influence of ramps. 

(b) Because of the tendency of traffic 

to distribute itself in all lanes of a multi- 

lane highway during heavy traffie vol- 

umes, thus avoiding a more crowded 

condition in one lane than in another 

lane, many of the openings-between ve- 

hicles in the lane or lanes that are not 

adjacent to the ramp terminal are shielded 

against occupancy by vehicles entering 

from the ramp. As a practical matter, it 

is impossible to fill all the available 

openings between cars on an expressway 

unless there are suitable acceleration 

areas where merging can be performed. 

Hence the volume of traffic that can enter 

from a ramp will seldom equal the 

amount by which the capacity of the 

expressway exceeds the volume of traffic 

on the expressway ahead of the ramp. 

5. Where points of access and egress to and 

from the expressway are closely spaced, the 

resulting interchange of traffic between lanes 

may cause certain lengths of the expressway 

to fall within the category of weaving sections 
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Figure 49.—Distribution of vehicles between traffic lanes on a four-lane expressway at 

approach to ramp where heavy volume leaves the expressway to the right (hourly 

traffic volume on expressway includes traffic leaving expressway at the ramp). 

and in that way affect the capacity of the 

expressway and the ramps. 

6. In selecting the hour of peak traffic move- 

ment, a knowledge of the distribution of 

traffic between the ramp and the expressway 

is of utmost importance. An hourly pattern 

for traffic using a ramp is of little worth with- 

out a similar pattern for the expressway or 

other through street. 

7. For exit ramps, the number of vehicles 

that can enter the ramp is affected by the 

volume of through traffic using the right lane. 

Many slow-moving passenger cars and most 

commercial vehicles use this lane, thereby 

Exit turn from an expresswey at a grade separation. 

occupying spaces in the traffic stream that 

otherwise might be utilized by vehicles desiring 

to leave the expressway. For most installa- 

tions, the volume of traffic using an exit ramp 

cannot exceed 1,200 passenger cars less the 

number of through vehicles occupying the lane 

adjacent to the ramp. Proper use of signs 

will aid greatly in minimizing the number of 

vehicles that must be deducted from the ramp 

capacity for this reason. 

If an exit ramp is to accommodate more 

than 1,200 passenger cars an hour, the con- 

ditions enumerated under item 3 above must 

be satisfied. 

Two lines of traffic can enter a ramp 

if they are in the two lanes of the expressway adjacent to the ramp, and if the drivers 

in the second line can be sure that all vehicles in the first line are destined for the ramp. 
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Part Vill.—Relating Hourly Capacities to Annual Average Volumes 

Introduction 

Throughout the foregoing discussion of high- 

way capacities, traffic volumes have been ex- 

pressed in terms of vehicles per hour. This time 

period was selected by the Committee because 

periods of congestion or heavy traffic move- 

ment usually are of relatively short duration, 

occupying only a small portion of the day. 

An hour is the shortest period of time that 

conforms to current traffic counting practices 

although it is realized that, under certain 

conditions, counts for even shorter periods 

might be desirable. 

When trying to apply the hourly capacities 

to the solution of practical problems, the 

engineer often finds that complete and de- 

tailed hourly volume data are not available for 

the facility under consideration. Sometimes 

the only traffic information at hand is the 

annual average 24-hour volume, based either 

on a few counts scheduled throughout the 

year or estimated from counts made at nearby 

locations. In other instances, the only traffic 

volume information available may be a count 

for a single day, counts for a few scattered days 

during the year, or, as oftentimes occurs, 

counts for periods shorter than 24 hours. 

Although the cost of obtaining comprehensive 

traffic data is relatively inexpensive, in com- 

parison with the cost of any extensive im- 

provement, it is oftentimes necessary to 

make use of very meager data in the solution 

of problems involving highway capacity. In 

such cases, a method for adjusting the avail- 

able counts to obtain the needed hourly 

capacities becomes a matter of paramount 

importance, and a clear understanding of the 

variations which may be expected in the 

traffic load is necessaiy. 

Without this knowledge, the application of 

traffice-count data to the planning and design 

of new facilities or to the proper operation of 

existing facilities cannot be completely suc- 

cessful. It is the purpose of this chapter to 

supply information regarding these questions, 

which are so directly related to highway 

capacity and necessary for the proper use of 

the capacity data. 

Relation of Annual Average Volume 

to Capacity 

The most common measure used in report- 

ing the traffic on a highway is the annual 

average daily traffic volume. Although such 

a figure is.of value for many purposes, such as 

determining the type of surface that should be 

provided and in computing the total earnings 

derived from gasoline taxes by travel on the 

highway, it is not a direct measure of the 

number of needed traffic lanes or of other 

geometric features of the highway necessary 

to serve adequately the drivers using the 

highway. 
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and Peak Flows 

Proper use of signs plays an important part in preventing or alleviating congestion. 

Days during which the actual volume cor- 

responds to the average day of the year occur 

much less frequently than is commonly sup- 

posed. <A study of 48 selected rural highway 

locations in 45 States shows that the traffic 

volume representing the annual average daily 

volume is exceeded during 160 days of the 

365 days in a year at the average location. 

At some locations, the average daily volume 

was exceeded on as few as 70 days a year and 

at other locations it was exceeded on as many 

as 228 days during a year. 

It is therefore evident that facilities planned 

to accommodate only the traffic of an average 

day will be definitely overtaxed for a con- 

siderable portion of the year. In fact, at the 

average rural location the volume on certain 

days will be more than double the annual 

average. The practice of expressing capacities 

of various facilities in terms of average daily 

traffic without considering the variation in 

traffic flow and the relation between the 

average daily volumes and the peak hourly 

volumes has contributed in a large measure 

to the misunderstanding and lack of agree- 

ment regarding highway capacities. 

Selection of Required Hourly Capaci- 

ties From Continuous Counts 

Closely related to the fluctuation in traffic 

flow during the various hours of the day, days 

of the week, and seasons of the year, is the 

selection of the specific hourly volume that 

should be used for design purposes or as the 

reasonable volume which an existing street or 

highway facility should be expected to accom- 

‘modate. It is for these purposes that the 

time period of 1 hour assumes primary 

importance. 

If a roadway facility is to be so designed that 

traffic will be properly served, consideration 

must be given to the brief but frequently 

repeated rush-hour periods. It is neither 

wise nor economical, however, to provide for 

the extreme hourly volumes of traffic that may 

occur but a few times during a year. The 

law of diminishing returns must be applied 

to fix the highest hourly volume which will 

justify the necessary expenditure of funds to 

provide the added capacity. 

When hourly traffic counts for a full year 

are available for a highway under considera- 

tion, it is possible to show the yearly traffic 

pattern by arranging the hourly volumes in 

descending order of their magnitude. Such a 

table or graph greatly simplifies the problem of 

selecting the minimum hourly capacity which 

will adequately serve present traffic for the 

particular highway, or a future traffic demand 

as based on an assumed or estimated percent- 

age jncrease. , 

An example of how yearly traffic patterns 

can be used to select the minimum hourly 

capacity which will adequately serve the 

traffic presently using the highway is presented 

in table 21. This table shows the yearly 

traffic patterns for two rural highway sections 

in the same State, both having an annual 

average volume of 3,000 vehicles per day. 

Data for Sunday and holiday traffie are 

included in the table because there is no 

sound basis for any assumption that there is 

less need to provide adequate capacity for 

peak hours on Sundays and holidays than on 

weekdays. 

Although both roads have the same annual 

traffic volume, the peak hourly traffic volumes 

on road B are much higher than those on road 

A because of the greater seasonal and weekly 

fluctuation in traffic flow. On road A, 1 per- 

cent of the vehicles use the road when the 

hourly traffic volume is 500 vehicles or more. 

On road B, however, more than 20 percent of 

the vehicles, or about 200,000 per year, are 

traveling when the hourly traffic volume is 
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Table 21.— Yearly traffic patterns for two rural highway sections on each of which the aver- ébe'annual dailyttrafiGas e000 vehicles capacity of the latter road is 1,000 vehicles 

perhour. In both cases the practical capacity 

would be exceeded during about 30 hours of 

the year and about 3 percent of the total 

traffic using each road during the vear would 

be inconvenienced by congestion during the 

30 hours. 

The yearly traffic patterns also show that 

relatively few drivers would be benefited by 

roadways of higher practical capacities than 

these, and an increasingly large percentage of 

drivers would be inconvenienced by roadways 

with only slightly lower practical capacities. 

Ordinarily the foregoing procedure can be 

followed in the selection of a practical hourly 

capacity for an estimated future increase in 

traffic by merely changing the hourly traffic 

volumes shown in the first column of table 21 

by the same percentage as the estimated in- 

crease in the annual volume. Hourly volumes 

increase in about the same ratio as do average 

daily volumes on any roadway. 

Road A Road B 
t 

Percentage | 
that hourly | Number of | Percentage | Number of 
vo is ‘ al ve- : 
of Hea jhours during Peleus hours during 

« ¢ roar wha AGS a eye 

24-hour vol- fs an ee road when re eae hen 
ume nour eons HOUnIY AV Oly noone) vol- 

ume was : ume was ume was vxceedec “xceede exceeded exceeded exceeded 

Percentage 
of total ve- 
hicles using 
road when 
hourly vol- 
ume was 
exceeded 

Hourly 
traffic 
volume 

3, 000 
1, 800 
1, 200 
1, 100 
1, 009 

909 
800 
700 
600 
500 
400 
300 
200 
100 

0 

0 
0 
6 

16 
29 
62 

100 
153 
206 
298 
430 
727 

1, 388 
3, 510 
8, 760 

500 vehicles or more; and over 8 percent, or 

about 80,000 per year, are traveling when the 

hourly traffie volume is 800 or more vehicles. 

Thus, if the practical capacity of road A is 

only 450 vehicles per hour it will be no more “oA p 

congested than will road B if the practical Determining Required Hourly Ca- 

pacity from Annual Volume 

Table 22.—Variations in traffic flow on main rural highways averaged for the various census 
regions (prewar data) The preceding discussion and table 21 illus- 

trate the wide difference that might exist in 

3 the peak hourly traffic flows on two highways 
Saif wanance Percentage of average 24-hour volume in ‘ 7 5 d 

certain hourly volumes during year having the same annual traffic volumes, and 

= the resulting difference in hourly capacities of 

Loca- Percentage of two highways necessary to provide approxi- 
Census region Hons pO NaN tely tk ; traffii ; < ler the t panera Meas. Mast. | "Tenth Twen- Thir- Fiftieth mately the same traffic service under the two 

eg Maxi- | ‘Tenth eo ee Higher Mlehest nibbost conditions. Sa 

mae highest hour hour ° be As an aid in relating the annual traffic 

hours | hours volumes to the peak hourly flows, the results 

= r : = of an analysis of traffic count data for 

Vericles | Percent | Percent | Percent | Percent | Percent | Percent | Percent 171 stations in 48 States are summarized in 
New England____-_-_----- 17 3,657 | 316.9 | 214.9 34.5 25. 6 23.1 21.7 19.6 : , ; oe +s 
Middle Atlantic_________- 10 | 13,884 | 241.4 | 190.2 21.9 17.2 16.0 15.2 14.2 table 22 and detailed in table 23. It is antici- 
South Atlantic: ' 2 Place , i 
North portion _____---- TE 4 849. h 2072) 166.41, 20.7 16.6 15.5 14.8 13.8 pated that these tables will be of value in 
South: portion. 2 eeee sae 12 2, 595 161.8 135.1 18.3 14.3 13.3 i077 11.9 estimating peak hourly flows on roads within 

East North Central_____-- 22 2,864 | 263.7 | 200.0 29.0 19. 6 17.8 16.6 15.3 ; : 7 a ee aa et 
West North Central_____- 20 2017 | 250.6 | 178.5 29. 4 18.9 16.7 15.7 14.4 the area of influence of these stations, or 
East South Central______- 12 2,420 | 187.2 | 151.9 23.7 17.6 16.3 15.6 14.3 : HE art os feta Heer : 
West South Central._____ 147}) 3,108! |" 477-6 | 140081) 17,7 13.9 12.9 12.3 11.5 where similar conditions exist, when only the 
INI MG [VGN ENV es Scere ree ee 36 1, 940 216.1 165.9 23.7 16.0 14.6 13.9 12.8 annual traffic volumes are known. 
PACING ys Se ae r= ee IS 113 2,975 220. 5 167.4 24.1 16.7 15.0 14.2 Beat : ee . : A ip 

eae eas 2 es Figure 50 shows the average yearly traffic 
1." [Ah oe 167 | 3,370 | 228.9 | 1726 | 249 17.8 16,2 15.3 14.1 pattern for these 171 rural highway locations 

and an indication of the range in peak flows 
1 Does not include four stations in California where traffic is highly seasonal and not representative of most roads in the : : 

‘ : that occur at different locations. On a road 
State. 

Table 23.—Variations in traffic flow on main rural highways 
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See footnotes at end of table, p. 271. 

ne . Percentage of average 24-hour volume in certain hourly 
24-hour volumes volumes during year 

Region and State ee af Heoe Year starting Perce pare of average | | | 

Average |_ Maximum |10th highest | 20th highest 30th highest |50th highest 
for year ‘hour hour hour | hour hour 

Maximum /10th highest 
24 hours 24 hours 

i | = 

NEW ENGLAND: Vehicles Percent Percent Percent Percent Percent Percent Percent 
6=W Basses oes 11 | Mar. 31, 1939 6, 813 287, 7 244.3 29.7 25.6 24.0 | 3.8 = 0 

. (pais eee ee 1s (ae dose 6, 811 297. 2 221.4 26.7 PASE 19.6 | 18. £ 7.5 

NTA AT 2 ee ola 6and 7_.__.--- Ties: dont 13, 624 292. 5 297.9 25.7 21.9 19.2 | 18.6 | 17.7 
is eee aoe eo Pelee, s ogame 8, 318 155.3 136.8 13.3 12.0 Dies] 11.2 10.8 
fe oa Se a 27 | Dec. 15, 1940 1,397 319. 2 240.9 39.8 28. 6 25.8 24.3 22.0 

Afaine YAP pe ee ee 1 | Feb. 5, 1938 1, 287 274.1 263. 4 22.4 19.8 tus 17.9 | 17.1 

os i aie ianetae capa 2 ea aes ae 1| Jan. 1, 1940 1) 248 274.3 231.6 24.0 20.6 19.5 | 18.7 17.6 
Rec k ee ee Lire Gk ae 436 354. 8 183.9 39.4 21.6 19. 5 18. 1 16.7 
Sie See roe 1 | Apr. 30, 1938 7, 363 288. 2 246. 9 24.6 Dev 20.7 19.9 | 18, 2 

Massachusetts. ...---..----- See. eee oan 10 | July, 21, 1939 6, 476 218. 7 189.0 18.8 16.8 16.3 15.8 15.0 

| Pe = eee 8 | Jan. 1,1940 3, 071 205. 4 160.6 29.3 20.7 17.4 16.3 14.6 

Pate a aero 3 | May 12, 1940 6, 635 263.3 198.8 28.5 20. 6 18.7 ai8 16; F 
3 TT: a anes ee | 3) Jan. 1, 1940 1, 410 517.2 277.8 55. 2 43.0 37.5 | S238 ITE 

New Hampshire_------....- ie pee 3 | Sept. 18,1937 | 1/360 647.6 79.9 60.4 48.4 38,7 34.1 28.9 
Son ee se 2104 | Oct. 22,1939 535 298.1 227.1 34.7 25.4 PB 5 fh 22.8 20.9 

Ade 1e ERS 2146 | Jan. 1, 1940 4, 609 197.2 166.9 26.3 21.3 19. : ane 18s 3 
VAY es Sok Seek ae 1 ene ek GOs~ a. —2- 2, 155 452.9 263.9 57.2 41.6 Sts 34, 30. 

Rhode Island_...+--.--.---- Pt BOE ® OB 1/June 41938 | 1/931 466. 8 238. 0 68.3 43.8 37.9 34.2 31.4 
Be re ameter 2102 |! Jan. 1, 1940 330 240.9 PRN RA 62.7 27.6 26.1 24.8 22.7 
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Table 23. Caper pr eiotte in Sage file a main rural hishiye Congest 

24-hour volumes Percentage of average 24-hour volume in certain hourly 
volumes during year 

- a Recorder sta- | Route | x, aw Percentage of average 
Region and State tinned. No, | Year starting in— 10th highest /20th highest 39th highest|50th highest 

Arvetage, | 2 See a8) Se a) Maxim. hour hour hour hour 
for year hour 

Maximum |10th highest 
24 hours 24 hours 

NEW ENGLAND— Continued Vehicles Percent Percent Percent Percent Percent Percent Percent 
pS Dy ee OS 2) |. Janes 1049 1, 688 236. 3 196.1 38. 1 19. 5 17.5 16.9 16. 2 

Ver t Bet BS) | i 1, 2 | Nov. 28, 1936 1, 615 276. 5 219. 6 31.3 222 20.9 20.3 18.0 ermont__--_—-_/.3---5-__- @ri4corie re 214 | Jan. 1, 1941 1,145 OTE, 194.8 34.1 23.3 20.5 19.0 17.6 
B-§6-L ee 7 | Mar. 2,1941 352 706. 0 280. 1 69.9 44.5 40.0 Out 30.3 

MIDDLE ATLANTIC: 
NB ee 25 | Jan. 1, 1941 32, 100 144.2 130. 6 14.2 11.9 10.9 10.5 9.2 

New Jersey (Essex County)_|;SB 25: WEL Oe oe 30, 150 159.9 137.8 13.3 11.4 11.1 10.9 10.3 
INB: and SB__ 25 ~ Ome ls. o 62, 250 14°.6 131.6 11, 2 9.6 9.3 9.3 8.8 
N Boze ce 2ei itp Mey etre Carers ek” 13, 775 257.9 167.3 26. 7 23.3 21.1 197 18.0 

New Jersey (Edison Bridge)_|;SB - BO |e Bere 11, 656 436.3 315.3 36. 0 28.0 2407 2477 23.6 
IN B and SB_- Bijele devs es 25, 381 284.3 231.6 24.0 19.1 17.3 16. 2 15. 4 
NBs are BO boeeees Often 11, 286 229.3 181.4 30. 1 20.7 18. 4 15.9 8.9 

New Jersey (Woodbridge) _ [8 SP ah vie Sosy wea £6 Ro) oops Mb 10, 766 489. 0 255. 3 41.5 30.1 26.2 21.7 18.9 
NB and SB_. B01, weer Seed 22, 052 299. 2 211.5 26.8 18.0 17.0 15.9 13.6 
86 ans 17 Feb. 25, 1940 7, 594 291.7 255. 1 vAleah Had 18.8 18.3 MiG 

New Work epee 25 | Jan. 1,1940 4, 794 156. 4 138. 7 15. 4 Hi. 11.3 11.1 10.5 IN GW ty OF ee eee eee te aia 25 | Dec, 31,1938 4, 458 329.2 211.5 27.2 2247 19.9 18. 6 17.4 
Ord Sse tees 33 | Jan. 1, 1939 2, 843 186.1 165. 5 20. 7 17.9 16.9 16.0 14.4 
| Negahge 2 aS 2 8 20 | Jan. 1, 1941 6, 112 291.3 212.7 23.9 20.0 17.2 16. 2 15.3 

Pennsyiscatta Tit otis 20 | Noy. 20, 1937 4, 395 311.1 209. 6 28.1 19.3 17.2 16.0 14.9 
oid Shale Catto me Ee oa iad Rene TS 253 | Jan. 41,1940 2,979 160. 4 141.6 18.7 13.7 13.1 12.7 1254 

ae 6 | July 24, 1937 1, 231 261.9 203. 7 27.8 20.1 20.1 18.3 L7e1 
SoviTn AtLantic (North por- 

tion): 
CAN Bae tte eee 13 | June 8, 1941 3, 371 344.9 235.9 40.1 34.6 31.4 29.2 25. 6 

Delaware C=SB ea 2s 13 (| dO eee 3, 370 287. 5 202.1 25.4 21.1 | - 17.7 16.9 15.3 
oN IM a ES C=Gtmbe 13 dotsace. 6, 741 254. 2 206. 5 23. 8 20.5 20.0 19.1 16.9 

Hisst See 13 May 1; 1941 8, 430 201.3 158. 4 V7e7, 14.4 12.9 12,1 11.3 
]O: Sets hae 40 | Jan. 22,1938 7, 250 227.0 ee 22.3 18. 2 16.6 15.5 14.3 

vary land sata. 2: 25s) ae Tl eee 1 | Jan. 1,1940 5, 457 215.5 171.6 27.3 20. 4 18.8 17.6 16. 2 
2 ee 40 | Apr. 3, 1937 3, 030, 22555 190.3 23.5 16.8 16.1 15. 4 14.7 

2 ie Teste sete 1 | June 26, 1937 6, 668 216.3 174.5 20. 4 16.9 15.6 14.9 13.9 
Vane ing ey eo! a LASy eyes Oi WEIR ie 11 | May 45,1940 2, 600 214.2 163. 7 17.3 15.9 15. 0 14.3 13.5 

At a ee 58 | Jan. 31, 1939 2, 4°0 151.2 149.7 13.6 12.6 11.9 11.6 11.0 
Pern Sx 3M ee 60 | Dec. 8, 1939 7, 285 170.5 131.0 12.5 Bik? 10. 6 10. 5 10. 2 

West: Virginig.. 2-22. % ess? ee 210 | June 4, 1939 Le yee 169. 2 141.9 17.6 18.7 14.9 14.4 13.7 

Lie 5 era ee 8 22| Jan. 1,1940 1, 258 234.7 178.3 2Dao) 20. 2 17.6 17.1 15.7 
Soutn ATLANTIC (South por- 

tion): 

Alar, ee 90 | Jan. 1,1941 3, 646 147.3 132%. 1 133 11.9 11.3 10.9 10.3 
Florida 4902 See 90 | May 15, 1937 3, 365 144, 2 119.7 14.9 10.8 10.3 9.8 9.2 

ines tet ae ares i ae OO ee 41 | Jan, 1, 1938 1, 668 147.3 129.0 13.8 11.6 11.2 10.8 10. 4 
EN ae? igen IP 90 | Nov. 27, 1937 749 144.9 125.6 24.4 13.0 12.3 11.2 10.3 

: {3 eae aes: 29 | Jan. 1, 1940 4, 307 53.5 140. 4 16.7 15.6 14.7 14.1 13.3 
Gevr pias: et see aes Lee ee ee en 41 | Jan. 1, 1939 3, 238 149.9 126.7 14.2 17 12.2 11.5 3 a 

12 ee SCORE 84 2 dorm ais. 2 632 170.6 135.9 20.9 15.0 13.8 12.2 11.4 
E j iB Se ae 29 yee Ot eed 4, 296 174. 4 135. 5 25.0 16.8 14.5 13.9 12.6 

North Carolina. _/-_____.7__ nok Wet A ee 19 | Feb. 25, 1939 2, 540 163. 2 144. 2 16. 4 15.2 13.9 13. 2 12.4 
liz =f Ba ie 158 | Jan. 1,1941 1, 414 218.8 157.6 20.6 17.1 15.9 15.4 14.6 

J a‘ fs bk eee 29 | Feb. 20, 1937 3, 936 154. 5 133. 4 15.9 15.0 14.5 13.9 13.0 
SouthiGarelingse pe: see” He ie eee toe 13 | Jan. 1, 1940 3, 268 174.7 137. 2 20. 4, 14.7 14.0 13.4 12.9 

ors oe Bie a eae 15| Dec. 4,1937| 1/583 151.3 129.6 16.9 13.4 12.4 11.9 11.2 
East NortH CENTRAL: 

Me if Are 45 | Sept. 27, 1936 4, 057 443.7 369. 7 31.8 29.6 28.1 27. 25.9 
LILNoIS, ee rae pgs 7 aor Mens SESS ye 66 | Jan. 24, 1937 3, 937 O83. 2 185. 3 25.0 18.3 16. 4 15.1 13.8 

7 Sots 2a ae 50 | Dee. 18, 1937 3, 210 171.9 126.4 15.9 14.1 13.1 12.5 jade 
DAM eS 20 | Aug. 28, 1937 3, 490 226.8 186. 5 25.8 18.3 L702 16.1 13.7 

f BEA wee aera 30 | Dee. 21, 1940 3, 198 224.2 186. 2 17.6 15.6 14. 2 13. 4 12.3 
En Gigns se eee | i Py SOAS T= 2! 40 | Jan. 15, 1938 3,125 233. 2 161.1 BEEP 14.9 13.9 12.8 12.4 

jis Bes os 52 | July 3, 1937 3, 071 291.7 179.0 43.2 nL 15.5 14.4 13.8 
Woh sS 31 | Jan. 15, 1938 2, 293 213.8 165.9 20. 4 Té.38. 13.4 13.0 12.1 

ars COs eee 2! 27. |. Oct 42) 1937 3, 151 23029 200. 6 53.9 2Disl 17.2 16.3 Ua 
Michigamveeee.) 4 22.Cr a yésh SaaS Peas 23 | Jan. 1, 1941 1, 538 336. 0 246, 8 36. 4 28.3 26.0 24.3 23.0 

67s er eae 23.| Jan. 41,1939 1, 200 300.9 267. 5 44.8 BLee 26. 2 24.8 22.5 
é 2 eS oe 25 | Feb. 18, 1939 3, 928 yal ty 156.9 PEW 15.3 13.8 13.3 12.5 

Olio sy eee ee ee Sob ease es 42 | Apr. 12, 1929 3, 645 214.4 158. 5 21.2 14.7 13.6 13.1 12. 4 
log SOS aes er oh 75 | June 25, 1939 1,055 180. 6 158. 2 19.9 16.8 15.4 14.3 13.4 
2 and 5 Bee 3 ee 241 | Jan. 8, 1938 5, 674 305.9 220. 2 29.1 2222 18.9 18.1 16.3 
22W. Bee ee PAIN | ers 0% Fda 20 2, 817 405. 6 241.8 43.7 30.7 25. 6 22.9 20. 2 
3-bB 2s 3S A Pi ne a fo Coes eo 2, 857 281.6 220.3 2261 19.7 17.8 16.4 15.3 
3-E Bee S ees 247%) can.” 0, 1941 3, 921 439.8 217.0 30. 4 23.4 20.5 18.9 16.0 
13.2 oe 241 | Oct. 4, 1939 4, 870 263. 6 234.8 26.0 22.4 21.1 19.9 18.1 

Wisconsin... 1d So ee ae 10 | Jan, 1, 1940 2,953 248, 4 211.1 30.0 18.5 17.2 15.8 14.6 
ae er LR ee OS eee Pil Spe do Sass 2, 780 317.5 229. 4 32: T 213 19.6 18.0 16.8 

Dee oo ee 24) : Go" es 2,199 203. 6 163.8 31.4 17.1 15.1 13/2 12.4 
L5 23-2 se bs 45 | Jan. 6, 1939 2, 037 989.8 211.1 24.5 20.1 18.4 16.7 15.5 
10 SO een 10} Jan. 9, 19387 1. 632 364, 2 242.3 28. 5 19.9 19.4 18. 0 17.0 
Nia Rs 5 at Wy 213 | Jan. 41,1940 1, 044 294. ] 189. 1 24.3 19.6 18.0 16.3 14.4 
2022 Srey TPES 222 00. ee 282 312. 4 206. 7 40.8 29.4 26. 2 23. 4 20, 2 West Nortu CEN?TRAI 

DOL Sos Se eee 65 | Jan. 1,1938 3,.539 223.3 157.4 26.7 16.6 14.9 14.2 13.2 
LOWS) cee ee CDi. 2s, & es 65 | Dee. 19, 1936 3, 290 237. 4 154. 2 18.1 14.9 14.3 13.4 12.3 

69-616 =. 4 <t) 2 69 | Jan, 1, 1941 1, 417 243. 2 184.3 payee 16.8 1527 14.9 13.8 
je mae ae sae ee 24 | Aug. 14, 1938 2, 183 185. 3 155. 0 14,9 Bid | 12.6 12.4 11.9 

FLAN SHS Se ee cots be Ns Ne Sas woe ae oa 50S | Feb. 18, 1939 2, 059 “9164.9 146. 2 i bya | 14.3 13.3 12.2 11.5 
tO. eens oe 24 | Jan. 1,1940 991 162.9 147.7 18.7 12.9 12.0 11.7 11. 2 

. hy eat 29 SARS 212 | Mar. 20, 1937 4, 875 2215 191.1 22.9 19.7 18.7 17.8 16.6 
Mi ininesotss= 22 coe pe et Oieeee Se ee 10 | Sept. 11, 1937 3, 730 323.9 226. 2 33.7 26.1 22.9 19.7 17.4 

175k ee ee 52 | July 3,1937 : 872 264.8 188. 0 28.9 22.2 18. 2 17.4 15.0 
F ] \9 ee OS 66 | Jan. 23, 1939 5, 220 339. 3 257.4 28. 4 26-l 22.1 21.4 20.3 

Missouri Si: t sans eae Fy Be Be Tee 69 | Jan. 1, 1939 3, 307 200. 2 165. 4 28.9 16.1 14.8 14.3 13.7 
BD tae oe ek 54 | July 17,1937 1, 708 433.4 255. 1 46.3 31.6 28.3 27.1 23.7 

’ ee ee ei 6 | Jan. 8, 1938 2, 128 238.9 166.8 48.8 28.0 17.0 14.9 13.9 
Nebraska.) * 35 & oo. 5") Ade ye 7 June 15, 1940 2. 096 326.9 139.1 27.4 14.6 11.4 9.9 9.2 

ie a ne ea 30 | Jan. 8, 1938 1,619 | 200.9 178.9 16.9 13.8 13.3 12.9 12.6 
ate a Tht. 2e eee 10 | Jan. 1, 1940 585 354. 2 194.7 a) ,o0eL 20,3 17.8 16.9 15.8 

Notth Dakote..20% 2-34 < le Bee, 2 Feb. 1, 1939 | 356 21152 148. 6 44.4 19.1 17.4 16.0 14.0 
100.82 Sie ak 2 | Oct. 18, 1937 352 239 fy 173.6 28. 4 18.8 18.8 17.3 14.2 

‘ FILO4 A. ee Ai ee 77 | Jan. 41,1940 1, 966 197.7 160.9 21.8 16.5 14.8 14. 2 13. 2 
South Dakota Jee eT IOL Ro eS 14 | May 15, 1937 982 290. 8 199.1 54.4 18. 2 16.8 16.3 15.7 

a3) a a 18 | Dee. 31, 1938 479 186. 0 140.3 27.6 14.4 13.4 12.9 11.9 

See footnotes at end of table, p. 271. 
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Region and State Recorder sta- Route Year starting 

24-hour volumes 

5 | 

Percentage of average 24-hour volume in certain hourly 
volumes during year 

Percentage of average 

1 Merritt Parkway. 

3 County trunk highway. 

PUBLIC ROADS ® Vol. 25, No. 11 

2 State routes. Others are U S numbered routes. 

4 Traffic highly seasonal and not representative of most roads in the State. Not included in regional averages. 

tion No. No. in— 
, Average |_ _| Maximum /|10th highest 20th highest 30th highest 50th highest 

for year j hour hour hour hour | hour 
Maximum 10th highest 
24 hours 24 hours 

East SOUTH CENTRAL: Vehicles Percent Percent Percent Percent Percent Percent Percent 
ey Seer toys 11 | Jan, 1, 1940 5, 718 159. 0 147.8 18.9 16.7 16.1 15.4 | 14.3 

UNDE 55 ay ETE SS phe a 4 en: ae 78 | Dec. 25, 1937 1, 073 203. 1 155.8 27.9 19.6 18.6 17.9 16.7 
Fe ale eee De 72 | Jan.. 41,1939 531 154.4 134, 8 pen: 17.5 15.4 14.9 | 1877 
ee ee 31W | Jan. 1, 1941 7, 937 166. 1 139.7 19.6 15.9 15.1 14.6 13.6 

ICO UGK yo ae eee ee Q:87 SS eats 41 | Dee. 29,1940 2, 086 186. 5 143.3 23.8 13.6 12.4 12,2 10.6 
Lees 23 | May 4, 1941 1, 323 166.7 141.5 16.3 14.6 13.5 12.6 11.7 

TA See tee aa rs 51 | Jan. 1, 1940 1, 871 114.6 124.9 17.0 13.5 12.5 | 12.0 1.5 
VIISSISSI ppl Sees se soemee ate Mi 45 pS dose 1, 671 177.4 128.1 22.9 16.6 15.1 14.0 12.7 

; LO ALE ese LIN i, es doa Re 1, 617 165. 1 156. 0 29. 6 172 16.3 15.0 13.8 
Lee WA 31W | Apr. 21, 1939 3, 425 142.1 135.5 17.8 14.7 13.7 1341 12.5 

IT ONTOSSOG ~. 28 ee 8 Be ose De 2 271 | July 14, 1939 990 410.4 274.3 44.1 36.5 31.9 30. 6 27.8 
Wiggs, Vein 57 | Feb, 9, 1941 794 170.8 141.3 19.1 15.4 14.9 | 14. 4 13.0 

Ty . WEST SOUTH CENTRAL: (Piece een ene 61 | July 23, 1940 3, 057 159.7 141.6 12.6 11.0 10.7 10.5 10.0 
Arkansas Again eee 70 | Jan. 11,1939 DEOoL 148.3 133. 6 13.7 11.4 11.1 10.7 10.3 

pe ae a eee Oe iy ee eS 222 | Jan. 28, 1940 1, 501 143. 4 128.1 15.4 12.3 12.1 1G 10.7 
has eat eS 63 | Jan. 1, 1939 oyu 305. 5 eprin 31.8 23.5 19.9 18.0 15.4 

“ A Deepen O SAS 90 | Apr. 24, 1937 4, 226 143.1 125.6 15.4 ey 11.1 10.6 10.0 
OUISIANS =e el ey ee i RE 79 | Dec. 25, 1937 8, 304 158. 6 124.5 16.0 13. 4 12.0 11.6 11.0 

We a 90 | Jan. 1,1940 3, 159 139. 6 127.5 14.8 12.0 11.4 11.0 10.6 
np eR he ms 66 | Jan. 1, 1939 4, 291 170.9 126.9 16.0 1a 11.9 11.2 10.5 

Oklahoma=! 227-2 64 =e, 8 5 sees. Poe 77 | Feb. 27, 1937 2, 259 259.0 180. 3 19.0 16.7 15.7 15.3 14.0 
TP dee ee ae? < 66 | May 15, 1937 PA AMA 196. 0 158. 1 16.6 14.8 13.0 12.5 11.8 
i be cS a ea 80 | July 7, 1939 9, 053 154.1 133.3 17.2 13.4 12.4 12.0 11.5 
Aare. Set AC I 77 | Jan.: 1/1941 5, 180 181. 2 145.9 19.4 14.6 13.3 12.9 12.0 

aN) CN a ae Poa, AA a y i Set eae 77 | Jan. 1, 1988 4,049 151.9 143.5 16.6 14,2 13.3 DES 12.0 
BE aa ee 80 | Dee. 19, 1936 2, 427 163. 6 140.0 16.6 13.9 12.9 12.3 11.5 
Sipe ea 81 | Mar. 20, 1937 875 177.9 135.0 24.3 14.3 12.9 iDAR 11,3 

MOUNTAIN: 
{Bde te sritgtiens 80 | Jan. 1,1941 8, 757 157.4 130. 1 16.3 Ee ey bey? 10.5 

‘Ayizona eee as See 80 | July 7, 1939 7,174 172.1 131. 2 22.9 13.0 11.9 11.5 10.9 
o> Fae ee, tae fe a 60 | Jan. 28, 1939 1, 743 Net! 140. 4 15.8 12.4 11.2 10. 7 10.0 

Pe Ee etere bet ge 80 | Jan. 1, 1940 1, 036 He) 133.5 Ag). 11.9 ibs: 10.9 10.4 
hie eee ae 85 | June 26, 1938 5, 472 138.3 129.7 14,1 12.4 11.7 Tih 10.5 
Sie ag ae tie 85 | Feb. 27, 1937 4,334 214.6 173.7 21.9 16.0 15.0 14.3 13.4 

Colorado. 22s 2 a Ye PE See 160 | Jan. 1, 1940 1, 286 327.9 151.2 46.0 18. 4 14.7 14.5 12. 4 
UU ied a ee 160 | Jan. 1, 1941 1, 224 319.9 160.0 46.1 17.4 15.9 13.6 12.4 
Teta is ore. Saw Fox GO: se sees 731 203. 8 173. 2 21.6 15.3 14.6 14.2 | 13.4 
{2 ee een 30 | Apr. 3, 1937 3, O85 179, 2 149.5 15.8 13.9 13.1 12,8 12.1 

Tdaho Lee eee tae ES at leas 10 | Jan. 1, 1938 2, 438 460.8 222.8 36.6 28.9 23.4 21.0 19. 4 
\s peat Sl ee 30) |sn55 dou aeeae 2, 290 165.9 139.0 17.0 12.2 11.5 11.3 | 10.6 
ACT pe en eet ee 2 10 | Dee. 3, 1939 TG 213. 4 165.0 18.4 13.7 12.9 12.4 11.6 

MOnTang =. 2 Sense ee Al onde i We 10 | Oct. 29, 1938 982 232. 8 lyfe 19.9 17.4 15.0 14.5 13.5 
AGP NS erst a 91 | June 30, 1939 495 280, 2 196. 2 36.0 22.2 18.8 18.0 16. 2 
L102 ae 93 | Jan. 1, 1940 1, 752 239.1 139.3 19.1 16. 2 13.8 11.4 10.7 

ING VAC ase seer tees eee ae gti) er ee ee 50 | Nov. 6, 1937 1, 469 165. 2 130. 6 20.5 15.7 12.8 12.3 11.0 
LOA ee 40 | June 5, 1937 755 207. 9 180.8 18.3 14,4 13.6 gat 1212 
Dito et aria ies 85 | Jan. 1, 1941 3, 375 173.7 146. 2 15.2 13.7 1382 12.8 12.4 
105 poe ee pity ye aee dosaskes 2, 185 167.0 130.9 15,1 11.4 T1S9 10.6 10.3 
SoS tier ROR res wee DO sane 1, 804 165. 2 140. 2 18.6 12.5 11.9 11.6 11,3 
(Sed eh ae 66 | Jan. 15, 1938 1, 574 194. 5 160.0 18.9 15.1 14.6 icy a)| Dey 
Teeth oot 70 | Aug. 7, 1937 1, 461 179.6 154.8 20.7 11,8 11.4 11.1 10.3 

? Saes Sites a ee, 64 | Jan. 1, 1941 1, 456 191.7 167.6 LeT 13,7 12.7 12.5 11.9 
New, Mexicorie a. 2. 2. 228 ANS Shay. § etre bay|iear dow ear 1,391 207.7 166. 1 22. 4 13.9 13. 2 12.9 11.9 

di eereiacs, Sree One ae Ci (oe eae 1, 324 204. 7 152.5 19.5 13.6 1258 12.3 11.6 
Ths ee Sh 85 | June 12, 1937 1, 216 238. 3 184.8 23.0 732 16.0 14.9 13.7 
Lae Se tf. 85 | Jan. 1,1941 1, 059 192.8 168.1 28.0 14.8 13.9 iy Pe 
Derr pees. 21S Sia doditssS: 1, 163 148.8 126.8 23.9 13.7 12.9 12.4 11.7 
Ouse as i Fe ae d6te =. 946 239. 6 187.9 28. 9 19.2 18.0 16.6 15.8 
Ole arta et 54 | Jan. 8, 1938 751 241.5 165.6 30.5 20.4 17.0 16.4 14.8 
30222 cele Pie 50 | Jan. 1,1941 4, 422 |, 231.5 164. 4 Wey 15. 4 14. 5 14. 2 13.4 
2025 ee hee 50 | July 10, 1937 2, 443 230. 9 172. 4 20.9 16.9 15.1 14.4 San 

Utah St kan eee 40 | Jan. 1, 1941 Sot 355.0 247.7 29.2 26. 4 23.1 21.9 | 19. 6 
Ta i [a ecin + care Be Be Cekeie 40 | Nov. 13, 1937 1, 766 301.1 260. 0 41.3 29.0 26. 2 25. 4 22.8 

S05 Leet 89 |} Jan. 41,1941 833 208. 8 164. 3 31.0 15.8 14.2 13.6 | 12. 5 
3085 ae a a AD hae do. yaus 557 234.3 210. 4 27.8 19.7 18.9 17.7 16.7 
DDE eee a! 3050 do st es 1, 647 233.3 198. 7 31.8 seer te 16.6 15.8 | 14.3 
204 ees 30 | Jan. 1, 1939 1, 257 234. 4 197.9 26. 6 18.8 17.1 16.5 15.0 
203. eee 87 | Jan. 1, 1940 1, 551 180. 3 161.3 29.8 15.4 15.0 14.5 13.0 

LY GET ohne = So 205 ae Ae Tore 20 | Jan. 1, 1941 1, 375 216.7 152.7 20.1 13.3 1198 11.0 9.5 
Li) ape AN ob 20 | May 19, 1939 1, 309 230. 2 149. 7 54.7 15.0 13. 7 13. 1 12.3 
DGeweseee tees 30! Jan. 1,1941 1, 365 220.7 173. 4 19.8 16.7 15.1 13.8 12:4 
D207 weed eat 14-16) | dons: 555 286. 5 253. 5 30.8 24.7 221 20. 2 16.0 

PACIFIC: 
1a ee ey te Oe a 7, 692 207. 0 149.3 ilbfea Loi 12.8 12,2 11.0 
Lean Rt Se 99 | July 10, 1937 5, 815 197. 2 159. 9 18.9 15.3 13.5 12. 4 10.8 
CZ La ewer 243 | Jan, 1, 1941 5, 228 254. 0 236.0 27.6 24.7 23.1 yg ee 
Dictsenirgy Pines OO Naa dows = 3, 532 211. 4 164.8 17.8 14.3 12.9 12; Up ee ae eh 
a tO 99 | Feb. 20, 1937 2, 281 173.7 147.5 12.8 11.4 10. 6 10.3 9.9 
ein CE pecs 243 | Jan. 1, 1941 3, 434 435.0 333. 4 44.2 39. 2 36.5 $2.33 22-25 - 

Ral fortinaey ete so sl) LOSER ES shee 60h dose 3, 285 171.5 152.5 16.3 14.4 13.3 1b ip 4 emer 
il nae ye oe LOT eee does 2, 004 309. 8 193. 4 26.3 19.9 17.4 Calg Be 2 55a? e 
Saad ee 0 Ste) ca ele doves: 1, 570 161.1 136.9 15.7 11.9 in he 10.8 |- es 
i bhig ae Oe ees 250 | Aug. 6, 1939 1, 444 183. 7 139.9 54. 4 12.5 11.4 111 | 10.6 
he ol tte 2153 | Jan. 1,1941 955 159. 0 128. 5 30. 3 14.8 13.1 12.7 |-=.------ 
OP ak a a Ate mens doit Sere 814 291. 1 224.8 49.4 33. 4 29.0 26.5 ocean ans 
ff AD: SOK. AD Mee done eee 711 606. 0 485.5 80. 0° 59.5 53.9 BOy Gytecoes a 
Ses BP ot 8) ee d0ieme se 4, 729 255. 8 172.9 21.9 Weg: 15. 2 14.5 13.7 

Cinco sete ee, ue nh Syl 7 ue Se 99E | Jan, 1,1940 4, 054 285. 2 167.9 26.4 15.7 14. 6 13.9 12.8 
Ce ee ee sane 30 | Nov. 27, 1937 1, 252 248. 5 175. 2 29. 2 17.6 16. 6 15.6 | 13,7 
Deus ay aay 99 | Jan. 1, 1940 915 237.8 157.0 24.4 18.4 16.3 14.9 13.9 
ye Ny eee 99 | Jan. 1,1941 5, 520 205.7 160. 5 19.9 16.7 14.3 13. 4 12. 6 
Dt Se ae ee 99 | Dee. 11, 1937 3, 479 224.8 171.3 23.7 19.3 16.8 15.6 14.2 

iVashinpoons es.) to Vik ie eee eo 99 | Dec. 28, 1937 3, 590 255. 8 207.9 28.4 20.9 19. 6 18.5 16.9 
F pies eee POE 101 | Sept. 11, 1937 3, 385 269. 5 207. 3 29.3 23.0 19.0 17.8 | 16.5 
TOP eat a yak 10 | Apr. 10, 1937 3, 233 182. 0 168. 5 15.3 13.6 13.1 12.6 | 12.1 

NEE ee aE 
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HOURLY TRAFFIC VOLUME-PERCENTAGE OF AVERAGE DAILY TRAFFIC 

30 40 

NUMBER OF HOURS IN ONE YEAR WITH TRAFFIC VOLUME 

GREATER THAN THAT SHOWN 

.e) 10 20 50 60 70 90 100 10 120 130 140 150 160 170 

Figure 50.—Relation between peak hourly flows and annual average daily traffic on rural 
highways. 

with the average fluctuation in traffic flow, 

the peak hourly volume is about 25 percent 

of the annual average daily volume. At 15 

percent of the locations, however, the peak 

hourly volume during 1 year exceeded 32 per- 

cent of the average daily volume, whereas at 

another 15 percent of the locations the peak 

hourly volume was less than 16 percent of 

the average daily volume. At all locations, 

there are relatively few hours during the year 

when the traffic volume greatly exceeds the 

volume that occurs frequently or for a large 

number of hours each year. This would be 

more evident were the curves in figure 50 

extended to include the 8,769 hours of a full 

vear, in which case they would reach or 

approach the zero base line at a distance to 

the right equivalent to about 51 times the 

width of the chart. 

Thirtieth Highest Hour a Practical 

Criterion of Needed Capacity 

The relation between the peak hourly flows 
and the annual average daily traffie on rural 
highways, as shown by figure 50, serves as a 
guide when selecting a reasonable hourly vol- 
ume for the design of a highway. Looking 
first at the curve showing the traffie fluetua- 
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‘tion on the average rural road, it will be seen 

that the peak hour of the year will require a 

roadway having over twice the capacity that 

would be necessary if some degree of conges- 

tion could be tolerated during 130 hours of the 

year. To illustrate, consider a proposed high- 

way for which an annual average daily volume 

of 4,200 vehicles is anticipated. To provide 

for the highest hourly volume during the year 

would require a capacity equal to 25 percent 

of 4,200, or 1,050 vehicles per hour. A facility 

capable of accommodating the traffic during 

all except the 130 highest hours of the year 

would require a capacity of only about 500 

vehicles per hour. 

During the highest 130 hours of the year, 

however, a very large number of drivers wou'd 

be inconvenienced by congestion if the prac- 

tical capacity were only 500 vehicles per hour. 

By planning for the volume during the 120th 

highest hour instead of the 130th, the change 

in the required design would be inconsequen- 

tial because the difference in the two hourly 

volumes is negligible. Continuing with this 

procedure, it will be found that at about the 

thirtieth highest hour, the slope of the curve 

changes rapidly, and it is at this point that the 

ratio of benefit to expenditure is near the maxi- 

mum. 

Providing for an hourly traffic yolume that is 
not exceeded at least 30 times a year will 
show an extremely small return in terms of 

driver benefit, whereas little will usually be 

saved in the construction cost and a great 

deal lost in driver benefit if provision is not 

made for the fiftieth highest hourly traffic 

volume of the year. It is for this reason that 

a design which will accommodate the fiftieth 

highest hourly traffic volume of the year can 

usually be justified, whereas a design to 

accommodate a traffic volume greater than 

that occurring during the thirtieth highest 

hour is generally not warranted. 

Since this analysis is based on the average 

fluctuation in traffic volume for many high- 

ways, the results are not necessarily applica- 

ble to every location. However, by following 

a similar approach for the locations with high 

and low fluctuations in traffic flow, as repre- 

sented by the upper and lower curves of 

figure 50, it can be shown that for these cases, 

and hence for most cases, the thirtieth 

highest hourly volume for the year is generally 

a reliable criterion of the needed capacity for 

which it is most practical to design. This 

criterion was recently adopted by the Ameri- 

can Association of State Highway Officials as 

a design policy for the National System of 

Interstate Highways. 

The strict adherence to the application of 

this criterion, however, will not always result 

in the best engineering practice. There are 

numerous specific locations where a design to 

accommodate some heurly volume other than 

the thirtieth highest of the year would be 

proper. For this reason, and because ade- 

quate traffic counts on which to base the 

design of a project are relatively inexpensive 

compared with the cost of construction, the 

results of a continuous hourly traffic count 

for a full year should be available for loca- 

tions at or near each place where a major 

construction or reconstruciion project is 

contemplated. 

By considering the shape of the yearly 

traffic pattern—the curve found by arranging 

all the hourly volumes of one year in descend- 

ing order of their magnitude—the most 

feasible hourly volume that should be used 

for design purposes can be determined. 

Im connection with the selection of the 

design volume, future increases in the traffic 

volume due to the normal increase in travel 

and induced traffic due to the improvement 

of a facility must be considered, together with 

the estimated life of the contemplated con- 

struction and the traffic capacities of the 

various possible designs. If, for example, the 

thirtieth highest hourly volume in 20 years 

would require a four-lane highway, whereas 

the fiftieth highest volume would only require 

a two-lane highway, it would be most practical 

to provide the two-lane highway using the 

fiftieth highest hourly volume for design pur- 

poses. If, however, a four-lane highway 

would be needed within 10 years, it may still 

be most feasible to construct only a two-lane 

road at the present time and make the neces- 

sary provision so that the two additional lanes 

can be constructed for a reasonable cost at 

some future date. In this case, the alinement 
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Figure 51,—Distribution of locations by percentage of average daily traffic during thirtieth 

highest hour of the year. 

used might be such that the two-lane road 

would adequately serve traffic for a period of 

10 years if in relatively flat terrain, whereas, 

if the road was located in rough terrain it 

might be more economical to build the two- 

lane road to the same alinement as a four-lane 

road (spending no funds to provide passing 

sight distances) even though the four-lane 

construction might then be required in less 

than 10 years. 

Relation of Thirtieth Highest Hour 
to Annual Average Daily Traffic 

The range in the relation between the 

thirtieth highest hourly volume and_ the 

annual average daily volume at rural locations 

is shown by figure 51. At nearly half of the 

locations, the thirtieth highest hour was be- 

tween 12 and 16 percent of the annual 24-hour 

average. In view of the emphasis which has 

previously been placed on 10 percent as a 

-peak-hour percentage, it is interesting to note 

that the thirtieth highest hour was under 10 

percent at less than 2 percent of the locations 

and over 10 percent at 98 percent of the loca- 

tions. Although it is true that on any single 

day the maximum hourly volume is likely to 

be close to 10 percent of the traffic on that day, 

the use of a 10-percent value for design pur- 

poses is sound only where there is an excep- 

tionally low seasonal and day-to-day variation 

in traffic flow. 

Only at relatively few locations is the 

thirtieth highest hourly volume an _ excep- 

tionally high percentage of the annual average 

daily volume, as shown in figure 51 by the 

areas on the right which are above 20 percent. 

It might appear that these percentages are 

too high for use as design criteria and that 

they are probably too exceptional to be 

repeated year by year at the same locations. 

This is not the case, however, because the 

results of a study of the yearly patterns for 

different years at a number of locations 
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(table 24) show that the thirtieth highest 

hourly volume on a percentage basis changes 

very little from year to year. 

The consistency of the thirtieth highest hour 

as a part of the yearly traffic pattern is shown 

by figure 52. Data for two different years at 

24 rural highway locations were summarized, 

with the thirtieth highest hour expressed as a 

percentage of the annual average 24-hour 

traffic volume. From this illustration it is 

immediately evident that the many factors 

which operate to influence traffic at a particu- 

lar location do not materially change the 

thirtieth highest hour percentage. For exam- 

ple, locations 1 and 2 maintain their unusually 

high percentages despite the passage of 2 and 

3 years, respectively. At location number 10 

with a 39-percent increase in annual traffic over 

a 4-year period, the traffic volume the 

thirtieth highest hour, expressed as a percent- 

age of average daily traffic, changed from 16.0 

to 16.2 percent. The comparison is just as 

favorable for lightly as for heavily traveled 

roads, as will be seen by noting the relative 

heights of the two bars for location 8 and those 

for location 20. Ina few cases, average daily 

trafic volumes have dropped, as at locations 

6, 12, and 16, but this has not resulted in any 

very marked change in the percentages 

representative of the thirtieth highest hours 

For all 23 locations combined, 

average difference of 1.1 percent between the 

in 

there is an 

Table 24.—Comparison of variations in traffic flow at the same location for different years 

f caanls ~ Percentage of average 24-hour volume in 
24-hour volumes certain hourly volumes during year 

Percentage of 
Recorder : average in— | 

State station | Route | Year starting | ,.... | 2Verase m is ES, 5 i ee No, 7 NA (5 9 eee ia ) Dywen= |) Thirties 
No. age | Maxi- | Tenth | ‘tieth | eth |Fiftieth 

for Maxi- |Tenth Fede pene highest | highest eee: 
year | mum /highest | hour hour 

24 24 
hours | hours 

Ve- Per- Per- Per- Per- Per- Per- 
hicles | cent cent cent cent cent cent 

: June 4, 1938 | 1,931 | 466.8 | 238.0] 68.3] 43.8] 237.9] 34.2 
Rhode Island__-_| 2.-._--_- 1_____- ten 1, 1940 | 2,155 | 452.9 | 263.9 | 57.2] 41.6] 37.1 | 34.0] 
A=: an SO enna BS : fSept. 18, 1937 | 1,360 | 647.6 | 279.9| 60.4] 48.4| 38.7 |) 34.1 | 

CW MDS TUE Cai beeen an Sones \Jan, “1, 1940 | 1,410 | 517.2] 277.8 | 55.2} .43.0] 37.5] 32.8 
Hes : fJan. 1,1939 | 1,200 | 300.9 | 267.5] 44.8] 31.2] 26.2] 24.8] 

Michigan __-_____| 678_.-_-- 23_---- \Jan. 1, 1941 | 1,538 | 336.0 | 246.8 | 36.4] 283] 26.0/ 24.3 | 
Nov. 13, 1937 | 1,766 | 301.1 | 260.0| 41.3] 29.0] 26.2| 25.4 

Utah__-_----___- 301__--_- 40_---- ae 1, 1941 | 2,111 | 355.0 | 247.7] 29.2] 26.4] 23.1] 21.9 
: Nov. 28, 1936 | 1,615 | 276.5 | 219.6 | 31.3] 22.2] 20.9| 20.3 | 

Vermont. _.----- A-12-2__| 2.-.--. lien 1, 1940 | 1,688 | 236.3 | 196.1 | 38.1| 19.5]. 17.5| 16.9] 
: Feb. 5, 1938 | 1,287 | 274.1 | 263.4| 224] 198] 18.8) 17.9] 17. 

Maine. -__-_-__-- 2.-__---- 1___-_- ree 1, 1940 | 1,248 | 274.3 | 231.6 | 24.0] 20.6] 19.5) 18.7 ‘6 
: Jan. 8, 1938 | 2,857 | 281.6 | 220.3| 22.1] 19.7| 17.8] 16.4] 15.3 

Wisconsin ______ 3-EB___./ 41 1--__ {Jan 1, 1941 | 3,921 | 439.8 | 217.0 | 30.4| 23.41 20.5| 18.9] 16.0 
Jan. 81938 | 751 | 241.5] 165.6] 30.5] 20.4|-17.0| 16.4] 14.8 

New Mexico___-- 9_---.--- 54__--- (jan. 1.1941 | 946 | 239.6| 187.9] 289] 19.2] 18.0] 16.6] 15.8 
Jan. 1,1939 | 1,257 | 234.4 | 197.9| 266] 18.8] 17.1| 16.5] 15.0 

Wyoming. --__-- 204. ---_- 30_---- ee 1, 1941 | 1,647 | 233.3 | 198.7] 31.8 | 17.7]. 16.6] 15.8] 143 
t Aes Nov. 20,1937 | 4,395 | 311.1 | 209.6| 28.1] 19.3] 17.2] 16.0] 14.9 

Pennsylvania...) 1---_-_-- 20... --- ie 1, 1941 | 6,112 | 201.3 | 212.7] 23.9] 20.0] 17.2] 16.2] 15.3 
Pet Dec. 11,1937 | 3,479 | 224.8 | 171.3 | 23.7| 19.3] 16.8] 15.6| 14.2 

Washington. ___- 4-------- 99____- Gee 1,1941 | 5,520 | 205.7 | 160.5 | 10.9] 16.7]. 14.3] 13.4] 126 
; July 10,1937 | 3,443 | 230.9 | 172.4 | 20.9| 16.9] 15.1| 14.4] 13.7 ot . ‘ 

Utah. -----.---_- 302_-.... 50_.--- tes 1, 1941 | 4,422 | 231.5 | 1644] 17.7] 15.4] 145] 14.2] 13.4 
: Jan. 1,1940 | 4,054 | 295.2 | 167.9] 26.4| 15.7| 14.6] 13.9| 12.8 

Oregon... .--...- 5.------- 99K - -- ee 1,1941'| 4,729 | 255.8] 172.9] 21.9] 17.3| 15.2] 14.5 | 13.7 
. Jan. 1/1940 | 1,286 | 327.9 | 151.2] 46.0] 18.4| 147] 14.5| 12 

Colorado--.-.-.- 14_-.--- 160. -- ae 1,194 | 1,224 | 319.9 | 160.0) 46.1} 17.4) 15.9] 13.6) 12. 4 
é ; Dec. 19,1936 | 3,290 | 232.4 | 154.2] 18.1] 14.9] 14.3] 13.4] 12: 

Towa---_------- 601----.- 65.---- nas 1, 1988 | 3,539 | 293.3 | 157.4 | 26.7 1636 | 14.9'|" 14,2) 21352 
ead June 12,1937 | 1,216 | 238.3 | 184.8} 23.0| 17.2] 16.0} 14.9] 13.7 
New Mexico-_-.-| 1-------- 85_-.-- fan 1, 1941 | 1,059 | 192.8 | 168.1| 28.0] 14.8| 13.9] 13.2] 12.7 
ake : NY fan 1, 1938 | 4,049 | 151.9 | 143.5| 16.6 | 14.2] 13.3] 128] 120 

ciel esate ol ei pr Ue Jan. 1/1941 | 5,180 | 181.2 | 145.9] 19.4| 146| 13.3| 129] 120 
sa July 10,1937 | 5,815 | 197.2 | 159.9| 18.9} 15.3] 13.5| 12.4] 10.8 

California. -_____ 1.------- 99__--- (jan 1, 194i | 7,602 | 207.0 | 149.3) 71] W7 | 128) 122) 11.0 
: : May 19,1939 | 1,309 | 230.2] 149.7] 54.7] 15.0] 13.7] 13. 12. 

Wyoming... 205.----- 20.---. (dab 11041 | 1,375 | 216.7 | 152.7 | 20.1) 13.3] 18| 110] 95 
Jane July 7.1939 | 7,174 | 172.1 | 131.2] 22.9] 13.0] 119| 11.5] 10.5 
eee atts ay ake {ja 1 194l | 8,797 | 157.4 | 0.1) 16.8) 122) M7) 1.2) 10.5 
ae fFeb. 20,1937 | 2,281 | 173.7] 147.5] 128] 11.4] 10.6 0.; 9.9 

California. - 2s --= wi i 99.----l\Jan, “1, 1941 | 3, 532 | 211.4 | 164.8] 17.8| 143] 12.9 | 1) i 
ar ‘Aug. 6,1939 | 1,444 | 183.7 | 139.9| 54.4| 125] 11.4| 111] 10.6 1 o ’ 

California... _--- pea oe Ve tes 11941 | 1,570 | 161.1 | 136.9 15.7) 19 | 1.2) 108) 
; May 15, 1937 | 3,365 | 144.2/119.7| 14.9] 10.8] 10: 9.8 ¥ C ) 5 A 

Plorida.-_.-2---- 4.------- 00... Mare 1, 1941 | 3,646 | 147.3 | 1321] 13.3] 11.9] 11.3] 10.9] 10.3 

! State routes. Others are U S numbered routes. 
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Figure 52.—Comparison of thirtieth highest hourly volumes for two different years at idential locations. 

thirtieth highest hour percentages for different 

years at the same location. 

The fact that there is this invariability in 

the thirtieth highest hour at a given location 

adds greatly to its worth as a design criterion, 

since with a given annual average daily vol- 

ume for some future year obtained through 

forecasts, it is at once possible to compute 

with considerable confidence the traffic load 

on the facility during the thirtieth highest hour 

of that future year. For example, if conditions 

indicate that a 20-percent rise in the annual 

average may be expected in 10 years, a similar 

20-percent increase should be expected in the 

thirtieth highest hour; that is, if the facility is 

able to handle that much traffie. If it is not, 

severe congestion is apt to result and traffic 

will either use other routes or the drivers will 

be subject to long delays. 

If the facility is already partially congested 

during 30 hours of a year, a 20-percent 

increase in total traffic will worsen the con- 

gestion far more than this proportionate 

amount. A 20-percent gain in annual aver- 

age daily traffic will increase the number of 

hours of congestion from 30 to approximately 

100 hours, a gain of 333 percent. Further- 

more, the average congestion during the 100 

hours will be much more than during the .30 

hours of the previous year. Thus at an aver- 

age location, if the average daily volume is 

19,600 vehicles the thirtieth highest hour is 

3,000 vehicles per hour. Should traffie in- 

crease 20 percent during the next 10 years, or 

to 23,520 vehicles per day, the thirtieth highest 

hour during that year will be higher in direct 

proportion—specifically, 3,600 vehicles per 

hour—if, as previously stated, the facility is 

capable of handling this larger volume. A 

volume of 3,000 vehicles per hour will then be 

12.5 percent of the average daily traffie which, 

as may be seen from figure 50, is exceeded 

during about 100 hours of the year. 
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Table 25.—Variations in traffic flow on major urban facilities during 1 year 

24-hour volume 
Percentage of average 24-hour volume in 

certain hourly volumes during year 

1941- 1570 VPD. 

Percentage of 
City and location Toe of average in— 

CLE Average |___ Maxi- 
for year mum 

Maxi- | Tenth hour 
mum 24} highest 
hours | 24 hours 

Vehicles | Percent | Percent | Percent 
Birmingham, Ala.: Roebuck | A-O_.____- 6, 742 155.9 143.7 72 
Blvd. 

Chicago, IL: 
TOiP EA TUKSON DT ss oe a ena B=) 2. 41, 590 137.9 129.0 12.6 
Michigan Aves. 2). 3 2222 A-D 2522. 69, 736 131.9 118. 2 10.0 
Monree St.) aa ee A=). 32, 102 140.0 124.1 Vid 
Ashland=BIva ss) ee. eee AT Nes. 16, 919 129.0 114.6 10.4 
Jackson Blvds == 2ste ee PN IE Ee Aa 20, 939 133.3 122.1 13. 
Sacramento Blvd....=.-._-_-- A= 2 13, 243 142.5 122.5 13.5 
Warren and Washington | A-I____--_- 39, 374 138. 4 123.8 12.9 

Blyds. 
Hake Shore, Dr hee i eee 85, 698 140.7 124.6 Shas 

Detroit, Mich.: 
JOVI GH ae ee eee | ee 10, 784 139. 6 129.9 16.2 
SimsVileinhd ee. oe eee ee eae ee = 22, 768 124.5 Lies gy a 
TMthiSt. at. aisom. 4 As Sele eee 12, 894 140.6 122.6 15.3 

Albuquerque, N. Mex.: North La (esa ee 3, 375 173.7 146, 2 15.2 
4th St. 

Santa Fe, N. Mex.: Don Gaspar | A-D_-___-_- 4, 679 166.1 133-7 18.6 
St. 

New York, N. Y.: George Wash-| E-O___-__- 22, 000 245. 6 212.4 22.5 
ington Bridge. 

Philadelphia, Pa.: 
Chestnut St. Bridge 2_________ WD. 2 Le. 30, 200 129.7 120.1 8.7 
Parkway and 22d St...-_.---+ Ac= Te 51, 200 113.6 112.4 11.5 
Spring Garden Bridge__--__-___ A=) 19, 500 122.5 118, 2 16.6 
Girard Ave. Bridge_____._.._- Al = Sie 43, 800 120. 2 LL yd Ld 
Wissahicken and Ridge Sts_._| A-O_____- 40, 500 119.1 114.0 11.9 
City Line Bridge___._..__...- B-On an” 24, 360 148. 4 138. 7 13. 1 
Allegheny and Hunting Park_| A-O______ 29, 500 129.9 118.8 10. 6 
Broad, Glenwood, Cambria___| A-I_____- 51, 000 12263 118.8 9.3 
5th and Roosevelt Blvd_______ A=() 46h. 23, 400 151.1 145. 4 16.6 
Ogontz and Olney Ave____-__- A=O27 2-22 19, 670 124.2 120.9 12.9 

Washington, D. C.: 
Fourteenth St. Bridge________ A=, 4203 41, 300 138.5 Wa. 7 9.6 
Memorial Bridge____...__-_-_- be 36, 700 151.8 116.9 14.7 
Key Bridget. -s 2s. 8 25 Se AmT* ate oe 32, 600 143.0 117.6 11,3 

Anacostia Bridge... -.-__._.- A=Olas ss 32, 278 114.0 104.4 9.0 
Benning RAAN Be. see ee 2 AO. > 4 27, 725 141.6 115.6 12.8 
Bladensburg Rd, NE________- 7 0 ea 2, A233 138. 6 107.9 10.4 
Connecticut A-ve..::2-=._.2-__| A-T_ 2 26, 842 116.7 110.0 9.1 
Peonsylvania Ave....._-_-.-_ A=, toe 24, 388 123.1 112, 4 8.8 
Georgia Ave: iN W.=5 ee A-O st 2 21, 628 125.7 117.1 10. 4 
Wisconsin’ A veus 5 eee AO) 20, 786 129. 4 111.8 10. 4 
Rhode Island Ave. NW____-_- I=) ae 19, 695 117.6 103.8 9.3 
SHS bh NW eee ee C-P as 16, 857 iW 4 lyf 106. 9 10.6 
BOSC GNRW ee ous * oe: ete A-D= RA? 15, 618 11552 109. 1 10.7 

BOCA, © aioe Fea ee hae aa 28, 329 136. 8 122.6 12.4 

1 Type of facility code: 
E= Expressway. 
A= Arterial. 
C=City Street. 

O=Outlying. 
I=Intermediate. 
D= Downtown. 
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Twenti-| Thirti-| Fifti- 
eth eth eth 

high- | high- | high- 
est hour|est hour)est hour 

Percent|Percent| Percent 
14.7 13.8 9.9 

10.7 10.4 10.1 
8.3 8.2 7.9 
9,2 8.9 8.6 
9.6 9.5 9.3 
9.8 9.6 9.4 

11.9 11.8 11.5 
11.3 10.3 9.9 

10.9 10/70), 1023 

153 LIS 10.6 
9.8 9.7 9.4 

12.0 11.8 1 8 
13/2 12.8 12.4 

12.1 11.8 hig 

17.8 16.9 11.6 

8.0 (3) 6.9 
bY bea 11.0 10.8 
12.4 LL 7 11.0 
10: 2 10.0 9.8 
10.1 9.6 9.4 
11.4 10.7 10.2 
10.0 9.7 9.4 
9.0 8.8 8.6 
13.6 13.6 13.3 
10. 5 10.3 10.1 

9.0 8.8 8.2 
12.4 eG | 11,9 
9.7 9. 4 8.8 
8.1 7.9 ta 
ed 8.5 7.5 
91 9.0 8.5 
8.5 8.0 yA’ 
7.9 Task 6.6 
8.7 Sut 8.1 
9.7 9.5 9.2 
8.5 8.3 7.9 
9.4 9.1 8.1 

10.0 9.9 8.9 

10.5 10.2 9.5 
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Though most of the foregoing has dealt 

with the conditions on rural highways, more 

and more facts similar to those presented in 

table 25 are becoming available for urban 

facilities. More comprehensive counts are 

needed, however, before anything like a com- 

plete presentation of the relationships between 

peak and average-hcur volumes can be made 

for city conditions. The data in table 25 do 

show, nevertheless, that peak hours on the 

average city facility are a somewhat lower 

percentage of the annual average 24-hour 

traffic volume than is the case for rural high- 

ways. It shou'd be noted that there are 

numerous exceptions in the table to this 

generalization, principally on those streets or 

highways that serve suburban or outlying 

areas. While there are insufficient data 

presently available to permit full explanation 

of this difference between the thirtieth peak 

hour relationship in downtown and _ rural 

areas, a fact which may well be considered is 

that many downtown facilities are severely 

congested during hundreds of hours of the 

year. It is on this type of facility that 

traffic counters are generally installed. Peak- 

hour volumes that otherwise might be re- 

corded several times during the year are im- 

possible of attainment because the facility is 

incapable of accommodating traffic in excess 

of the load imposed upon it almost every day 

during the hours of heaviest demand. The 

exceptionally heavy peak load, therefore, 

must be distributed over alternate routes 

that are usually more circuitous and less 

desirable in some other respects than the 

arterial, were it not congested. 

If proposed urban improvements are to 

provide satisfactory service, the percentage of 

the average daily traffic used for the design 

peak hour should be ascertained by a study 

of facilities that are capable of absorbing some 

overload during all hours of the year. Arterial 

streets of this kind are very rare, indeed, 

under present-day conditions. Until such time 

as more comprehensive data become avail- 

able, a percentage for traffic moving in the 

thirtieth highest hour approximating or only 

slightly lower than the percentage observed 

in rural areas is recommended for the design 

of urban facilities. 

Effect of Directional Distribution of 

Traffic 

From the discussions in parts m1 and tv it 

will be recalled that the capacities of two- and 

three-lane roads must be in terms of total 

traffic. The one-direction capacity of these 

facilities is dependent upon the number of 

vehicles approaching from the opposite 

direction, and the hour of the day when the 

two-directional movement is at a maximum 

constitutes the period of greatest congestion. 

Hence the foregoing discussion relating to the 

percentage of the average daily traffic in the 

thirtieth highest hour has taken account only 

of the total traffic moving in both directions. 

On all multilane facilities, however, and on 

two- and three-lane roads where improvement 

PUBLIC ROADS ® Vol. 25, No. 11 

Traffic circles take many forms: Shown here are tangent and circular 

sections for weaving. When traffic circles are no longer able to accom- 

modate their traffic loads the necessary remedial measures, such as an 

added overpass (above) or tunnel (below), may cost several million 

dollars. 

to the multilane ‘type is contemplated, 

consideration of the directional traffic load may 

be of superior importance. For example, each 

lane of a four-lane divided facility may be 

capable of handling 1,500 vehicles per hour, 

a nominal total of 6,000 vehicles per hour. 

However, peak-hour traffic flows are not evenly 

balanced by direction except in very rare 

instances. A frequent condition on rural 

highways, for example, is a peak flow of two- 

thirds in one direction and one-third in the 

other direction. Consequently, the facility 

in question would carry only a total of 4,500 

vehicles when the capacity of the heavy 

direction is completely absorbed. Obviously, 

more than four lanes would be needed to 

accommodate a total flow of 6,000 vehicles 

per hour under these circumstances. 

As an aid when considering the variations in 

traffic flow by direction on multilane road- 

ways, tables 26 and 27 show the percentage 

that the thirtieth highest hour volume is of 

the annual average 24-hour traffic volume in 

one and in both directions for a number of 

rural and urban facilities. Of more signifi- 

cance than the actual percentages for the 

few rural and urban facilities included in these 

tables is the relation between the one-direction 
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Table 26.—Comparison of variations in total traffic flow with variations in one direction of travel 

State 
Recorder sta- 

tion No. 

24-hour volume 
Percentage of average 24-hour volume in certain 

hourly volumes during year 

Percentage of aver- 
Year starting age in— 

Average | — 
for year Tenth 

highest 
24 hours 

Maximum 
24 hours 

Twen- 
tieth 

highest 
hour 

Thirtieth 
highest 
hour 

Fiftieth 
highest 
hour 

Tenth 
highest 
hour 

BOTH DIRECTIONS COMBINED: 
New Jersey (Essex County) 
New Jersey (Edison Bridge) 
New Jersey (Woodbridge) 
Conneckieut.-- oe aa ee eee ek 
Delaware 
Wisconsin 

ONE DIRECTION: 
New Jersey (Essex County) 
New Jersey (Edison Bridge) 
New Jersey (Woodbridge) . 
Wonnecticdte sso 22 eee Seo eee “126 
Delaware 
Wisconsin 

1 U S numbered routes. Others are State routes. 
2 Merritt Parkway. 

and two-direction percentages. It will be 

seen that there are but few cases where the 

percentage of the average daily traffic moving 

in one direction during the thirtieth highest 

hour of the year is not substantially higher 

than the percentage for both directions. One 

reason for this, of course, is that the peak 

volumes in one direction do not always occur 

at the same time as the peak total volumes. 

The latter are more apt to occur on multilane 

facilities when there is a fairly high traffic 

movement in both directions. 

As a practical matter, it is much more likely 

that the engineer would have information 

only on total traffic movement, especially for 

two- or three-lane roads. -To illustrate the 

manner in which the information from table 

27 might be employed, let it be assumed that 

the present annual average daily traffic on a 

two-lane rural road is 4,800 vehicles per day 

Table 27.—Thirtieth highest hour traffic 
volume during the year as a percentage 
of the annual average 24-hour traffic 
volume in one and in both directions on 
multilane rural and urban highways and 
streets 

Percentage of 
annual average 
daily traffie in 
thirtieth high- 

ak: est hour of year 
® Location ; 

Both | One 
diree- | direc- 
tions | tion 

RURAL FACILITIES: 
Connecticut (Merritt Parkway)___| 18.6 23. 4 
New Jersey : 

UPS linear Newark} )2222--2- "3 9.3 10.9 
Edison Bridge, State Route 35__| 16.2 24.7 
Woodbridge St., Route 35___-___| 15.9 21.7 

Delaware_-__.._.-- gs RP RRO op Se 19,1 29.2 
Wisconsitivn) eee eee ee oe | 18.1 22.9 

| 
Rural AVOrag@s es eae ae 16. 2 22.1 

URBAN FACILITIES: } 
Chicago (Parkways)!__._.=2_.__.._- 9.9 14.1 
New York (George Washington | | 

Bridge) i ties a PP ee 16.9 |. 24.9 
Philadelphia 2________ a 206 al rcket 
Mashing ton: 1) (Geass. Oye ae 11.9 

Urban averages... +..--:.=...-- 

18 locations, 
29 locations, 
313 locations, 
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NB and SB__- li Jan. 
NB and SB-__- 
NB and SB__- 

Vehicles Percent Percent 
62. 250 143.6 131.6 
25, 381 284. 3 231.6 
22, 052 229. 211. 
13, 624 292. 227.8 
6,741 254. 206. 
5, 674 305, 220. 

1, 1941 | 

Mar. 31, 1939 
June 8,1941 | 
Jan. 8, 1988 | 

30, 150 159. 137. 
11, 656 436. ¢ 315, ¢ 
10, 766 489. 255. ¢ 
6, 813 287. 244. ¢ 
3, 871 344, 235. § 
2, 817 405. 6 241, 

Ese id 
Mar. 
June 8, 1941 
Jan. 8, 1938 

and, in that locality, the thirtieth highest 

hourly volume of the year on roads that are 

not badly congested is 16.2 percent of the 

average daily traffic. 

Assume also that it is desired to calculate 

the capacity of the road that will be needed 

10 years hence when the estimated traffie for 

the design year, including the immediate 

increase on the improved facility, will be 150 

percent of 4,800 or 7,200 vehicles per day. 

The thirtieth highest hourly volume will be 

16.2 percent of 7,200 vehicles, or 1,166 ve- 

hicles per hour. This exceeds the practical 

capacity of a two-lane road even with the 

best alinement. Furthermore, sight-distance 

restrictions and other limitations imposed by 

the terrain might lower the practical capacity 

of a two-lane road at this location to some 

value considerably below 900 passenger cars 

per hour, the practical capacity of a good 

two-lane road. The required capacity for 

one direction of a four-lane road would be 

22.1 percent (table 27) of 3,600 vehicles, or 

796 vehicles per hour. This same value may 

be approximated by assuming that two-thirds 

of the thirtieth highest hourly volume of 

1,166 vehicles will be traveling in the one 

direction. 

Although conditions differ rather widely 

among facilities, it is usually sound, in the 

absence of detailed information as to traffic 

volume balances, to assume that two-thirds 

of the traffic will be in one direction during 

the design peak hour in rural areas and in 

outlying urban areas. As the central business 

districts of large cities are approached, the 

distribution of traffic by directions usually 

becomes more evenly balanced, sometimes 

closely approaching a 50—50 ratio in the central 

business area. 

A tabulation of traffic by direction of move- 

ment for the streets reported in the intersection 

study shows that in downtown areas an aver- 

age of 55 percent of the traffic on the con- 

gested streets was moving in the heavier 

direction, and that for 70 percent of these 

streets between £0 and 55 percent was in this 

direction of heavier movement. The average 

directional distribution of traffic on streets in 

intermediate areas was 61.6 percent in the 

Percent Percent | Percent | Percent 
5 9.3 8. 11.2 9. 9.3 8 

24. 0 19. 17.3 16. 2 15.4 
26. § 18. 17.0 15.9 3.6 

vi 
9 
3 

Percent 

8 

25. 7 21; 19.2 18. 6 
23.8 20. 20. 0 19. 1 
29. 1 22. 18.9 18. 1 

13.: 18h ids 10. { 
36. 28. 24, 24. 
41. 30, 26. 21. 
29. 25. 6 24. 23. 
40. 34. 6 31, b 
43. 30. 7 25, 22. 

heavier direction during peak hours with 38.4 

percent in the direction of lesser movement. 

In outlying areas the distribution was 65.6 

percent in the heavier direction and 34.4 per- 

cent in the other direction. 

Traffic During Various Periods of the 
Day 

The information shown in table 28 will be 

of some assistance to an engineer considering 

a proposed improvement when the only avail- 

able traffic data consist of a few short counts. 

In some cases, by relating the available counts 

to the information shown in tables 22-27, it 

will be possible to obtain a fairly accurate 

estimate of the practical capacity that should 

be provided or the excess capacity available 

on an existing facility. Such a procedure is 

not recommended, however, and should not 

be condoned for any project involving ex- 

tensive improvements when it is still possible 

to obtain complete traffic information before 

preparing final plans for the improvements. 

On main rural highways, an average of 74 

percent of the day’s traffic occurs between 7 

a.m. and 7 p. m., with at least 70 percent of 

the locations represented coming within 5 

percent of this value. Local routes in rural 

areas have a slightly higher percentage of the 

total day’s traffic during this period than the 

main routes, whereas most urban facilities 

carry less than 70 percent of their traffic 

between 7 a. m. and 7 p. m. 

Though the 2 p. m. to 10 p. m. and 8 a. m. 

to 4 p. m. periods each account for approxi- 

mately half of the total day’s traffie on rural 

routes, the 2 p. m. to 10 p. m. period is 

definitely the heavier part of the day in urban 

areas. 

The traffic volume during the 8 hours (not 

necessarily consecutive) that have the highest 

total flow is of special interest in connection 

with urban problems since this base is com- 

monly used in making counts for traffic signals 

and similar improvements. As an illustration 

of the need for this type of information, the 

recently revised Manual on Uniform Traffic 

Control Devices specifies that the total ve- 

hicular volume entering an intersection from 
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Table 28.—Percentage of traffic during various periods of the day 

Percentage of 24-hour volume in the period — 

nd Highest 8 ; a 6 a.m. to 2.p. m. to 10 p. m. to 8 a.m. to 7 a.m. to 
Type of highway and : ” hours (not 

location, 21D. Ins 10 p. m. 6 a.m. 4 p.m. (i oye #0 by consecutive) 

Aver-| p, Aver-| p, Aver- Aver-| p. AVer-| po, |AVver-|] po. 
age Range age Range age Range age Range age Range age Range 

RURAL CONDITIONS: ! 
Main rural highways___| 41 38-44 49 46-52 10 8-13 49 44-55 74 69-79 57 53-60 
Local rural routes_____-- 45 41-50 | 48 44-50 7 5-9] 52 50-58 | 78 75-82 59 | 53-65 

URBAN CONDITIONS: 2 
Washington, D. C. 

(weekdays): 
I locations === == 40 38-42 | 47 46-50 | 13 10-15 | 41 36-47 | 70 65-74 | 52 | 49-60 
in=pounde: o2a ee 45 40-56 | 43 39-46 12 9-15 |} 44 37-51 70 64-76 | 53 | 50-62 
Ont-bound= Foes 34 38-37 52 48-60 14 11-17 38 32-43 69 63-73 53 48-60 

Chicago Parkways 
(weekdays): 

SN OCATONSs== se eee 38 34-46 | 48 45-49 | 16 12-21 44 38-49 | 68 61-72 | 55 | 50-61 
[hata oveybie ol et Sass 49 35-54 | 39 30-44 | 12 9-16 | 55 49-60 | 7 67-79 | 58 | 52-63 
Out-bound 7 #2 45—-5= 25 15-35 56 48-62 19 13-26 33 21-45 64 55-72 58 50-65 

Detroit, Mich.: 3 loca- 
PIOUS 7 t= ke een 39 38-41 48 47-50 | 12 11-14 40 38-42 | 70 67-72 | 54 | 53-55 

1 elaware River Bridge: 
Maximum weekday_-| 35 ree 44 west 21 ere 40 hee 62 eee 49 Le 
To Philadelphia____| 38 See 37 pe 25 Bae 41 eee 59 pists 49 ei. 
To Camden_._-----_- 31 Vee 51 aes 18 Beas 39 eos 65 Sos 55 Leee 

Maximum Sunday_---| 26 ee 46 mee 28 =p ee 32 ted 50 aE 52 pref 
To Philadelphia____ 9 pe 55 ba 36 cap biel 14 ede 32 Sees 72 wes 
To Camdent aes =22 37 ee 35 wk 18 ae 54 ee 71 case 54 ae 

New York City bridges 
and tunnels: 

Weekdays. 3.2.2 -32 Be ee So ae = Bast ees aon 71 ee Be ws 
PalULOaysss soe ee ee pe SF. a wae ie eet = Cte MS 67 heal a Bes 
PUNUAYS<- sea ses once ae x aes 33 ae. = ates re Apes 64 tabi 3 re 

1 Range includes the averages for at least 70 percent of the locations 
2 Range includes the averages for all locations. 

all approaches must average at least 750 

vehicles per hour for any 8 hours of an average 

day before the vehicular volume alone will 

Table 29.—Annual average 24-hour volume 
and corresponding peak hourly volumes 
warranting a traffic signal, as based on 
Nation-wide traffic pattern and _ traffic- 
signal warrant from the Manual on Uni- 
form Traffic Control Devices 

Total traffie vol- 
ume from all ap- 

proaches at— 

Urban 
inter- 
section 

Rural 
inter- 
section 

Annual average 24-hour volume___} 11, 300 7, 000 
Peak hourly volumes: 
Highest hour 1, 402 1, 744 
Tenth highest hour 1, 232 1, 246 
Thirtieth highest hour 1, 152 1, 072 
Fiftieth highest hour 1, 074 988 

PUBLIC ROADS e Vol. 25, No. 11 

warrant a fixed-time signal in an urban area. 

For rural areas, the corresponding criterion is 

500 vehicles per hour. 

Table 28 shows that 57 percent of the day’s 

traffic on main rural highways and about 53 

percent of the day’s traffic at urban locations 

oecur during the highest 8 hours of the average 

day. A fixed-time traffic signal, therefore, 

would not be warranted by the traffic volume 

alone unless the average annual volume from 

all approaches to the intersection exceeded 

11,300 vehicles per day at an urban location, 

or 7,000 vehicles per day at a rural location. 

Based on the average yearly traffic patterns 

for rural roads and urban facilities, as shown 

by tables 22 and 24, these annual volumes 

correspond to the peak hourly volumes 

shown in table 29. 

Based on the results of the intersection 

studies included in part v of this report, and 

assuming the usual condition that two-thirds 

of the traffic on each highway will be moving 

in one direction during the peak hours, the 

total traffic through an intersection with one 

approach on each road loaded to its possible 

capacity will be as shown in table 30. With 

proper signal timing, the total intersection 

volume will be independent of the distribution 

of traffic between the two roads. 

It is therefore apparent that the traffic vol- 

ume at the intersection of two two-lane rural 

roads or at the intersection of two 40-foot city 

streets with parking must approath and in 

some cases exceed the possible capacities of 

the average intersection of the same type 

with traffic signals before the traffic volume 

warrants alone would justify the installation 

of traffic signals. It is also apparent that 

fixed-time signals on two-lane rural highways 

cannot be justified by the traffie volume 

warrant until the volume of traffic on such 

roads at times exceeds their practical capaci- 

ties, especially when one of the intersecting 

roads carries about 75 percent of the total 

traffic at the intersection. These are im- 

portant considerations in view of the part that 

traffic signals play in increasing the capacity 

of intersections at grade by helping to 

eliminate confusion and serious accidents. 

Table 30.—Total hourly volume through 
intersections of various types when one 
approach on each of the intersecting 
roads is operating at its possible capacity 

Total hourly in- 
| tersection volume 
with one approach 

| on each road oper- 
| ating at its pos- 

sible capacity, 
based on— 

Type of intersection 
Possible | 

| capacity 
of aver- | Highest 

| age in- | capaci- 
tersec- | ties ob- 
tion of | served 

| the same 
| type 

Two two-lane rural roads__________| 1, 500 
Two 40-foot city streets, with | 

parking 
Two 40-foot city streets, without 

parking 
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The Financing of Highways by Counties and Local Rural 
“ Governments, 1931-1941 

The results of an extensive long-term study by the Bureau of Public Roads are 

reported in a new publication, The Financing of Highways by Counties and Local 

Rural Governments, 1931-1941. The report presents a discussion, and detailed 

statistical data, concerning the financing of highways by county and !ocol rural 

governments during the 11-year period. Included is information for each year, 

by States, on county and local receipts, expenditures, and debt for rural high- 

ways, which has long been in demand but never available heretofore. 

The publication was made possible by the collection of the basic data through 

the intensive effort of the State highway departments, the county and local 

governments, and the field cffices of the Bureau of Public Roads; and the analysis ‘§ 

and presentation were the work of the Financial and Administrative Reseorch } 
Branch, Bureau of Public Roads. i 

The publication is for sale, at 45 cents a copy, by the Superintendent of 

Documents, U. S. Government Printing Office, Washington 25, D. C., to whom 

all orders should be sent. Prepayment is required. The Burecu of Public Roads 

cannot undertake free distribution of the publication. 
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Bibliography on Roadside Control 

The Bureau of Public Roads has recently issued a processed publication, 

Bibliography on Roadside Control, in which are included a general reference 

section on the title subject and special sections on outdoor advertising, set-back 

regulations, and roadside zoning. The listings are arranged by States, and 

chronologically beginning with 1930. A brief digest of the cited reference 

accompanies each listing. 

The bibliography is intended to serve as an aid to highway planners and 

administrators in their activities dealing with the problem of roadside control. 

It was compiled by the Land Studies Section, Financial and Administrative n 

Research Branch of the Bureau. 

The publication is available to highway engineers and administrators for 

official use, and may be obtained by those so qualified by writing to the Eureau 

of Public Roads, Washington 25, D. C. 
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A complete list of the publications of the Bureau 

of Publie Roads, classified according to subject and 

including the more important articles in PUBLIC 

RoapDs, may be obtained upon request addressed to 

Bureau of Public Roads, Washington 25, D. C. 

PUBLICATIONS 
Of the Bureau of Public Roads 

The following publications are sold by the Superintendent 

of Documents, Government Printing Office, Washington 25, 

D.C. Please do not send orders to the Bureau of Public 

Roads. 

ANNUAL REPORTS 
(See also adjacent column) 

Reports of the Chief of the Bureau of Public Roads: 

1931, 10 cents. 1934, 10 cents. 1937, 10 cents. 

1932, 5 cents. 1935, 5 cents. 1938, 10 cents. 

1933, 5 cents. 1936, 10 cents. 1939, 10 cents. 

Work of the Public Roads Administration: 

1940, 10 cents. 1942, 10 cents. 

1941, 15 cents. 1946, 20 cents. 

1947, 20 cents. 

1948, 20 cents. 

HOUSE DOCUMENT NO. 462 

Part. |=; Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2 . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. Official Inspection of Vehicles. 10 cents. 

Part 5 . Case Histories of Fatal Highway Accidents. 
10 cents. 

Parti0 ves. The Accident-Prone Driver. 10 cents. 

UNIFORM VEHICLE CODE 

Act I.—Uniform Motor-Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 10 cents. 

Act IJ.—-Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
License Act. 10 cents. 

Act III.—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 10 
cents. 

Act V.—Uniform Act Regulating Traffic on Highways. 20 cents. 

Model Traffic Ordinance. 15 cents. 

MISCELLANEOUS PUBLICATIONS 

INO: 265... Electrical 
40 cents. 

Roadside Improvement. 10 cents. 

Construction of Private Driveways. 10 cents. 

No. 1486D Highway Bridge Location. 15 cents. 

Highway Accidents. 10 cents. 
The Taxation of Motor Vehicles in 1932. 

Guides to Traffic Safety. 10 cents. 
An Economic and Statistical Analysis of Highway-Construction 

Expenditures. 15 cents. 

Highway Bond Calculations. 

Transition Curves for Highways. 

Highways of History. 25 cents. 
Public Land Acquisition for Highway Purposes. 

Equipment on Movable Bridges. 

No. 191MP . 
No. 272MP . 

35 cents. 

10 cents. 

Sle2Ds 

10 cents. 

The Financine*of Highways by Counties and Local Rural Govern- 
ments, 1961-41. 45 cents. 

House Document No. 249. 
Defense. 50 cents. 

Highway Practice in the United States of America. 

Highway Needs of the National 

50 cents. 

Public Control of Highway Access and Roadside Development 
(1947 revision). 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces. 

Legal Aspects of Controlling Highway Access. 15 cents. 

House Document No. 379. Interregional Highways. 75 cents. 

Highway Statistics, Summary to 1945. 40 cents. 

Highway Statistics, 1945. 35 cents. 

Highway Statistics, 1946. 50 cents. 

Highway Statistics, 1947. 45 cents. 

Principles of Highway Construction as Applied to Airports, 
Flight Strips, and Other Landing Areas for Aircraft. $1.50. 

Federal Legislation and Regulations Relating to Highway Con- 
struction. 40-<ents. 

Manual on Uniform Traffic Control Devices for Streets and 
Highways. 50 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks (FP-41). $1.25. 

10 cents, 

Single copies of the following publications may be obtained 

free upon request addressed to the Bureau of Public Roads. 

They are not sold by the Superintendent of Documents. 

ANNUAL REPORTS 
(See also adjacent column) 

Public Roads Administration Annual Reports: 

1943. 1944. 1945. 

MISCELLANEOUS PUBLICATIONS 

Road Work on Farm Outlets Needs Skill and Right Equipment. 

Indexes to Pusiic Roaps, volumes 17-28, inclusive. 

Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Automobile Parking in the United States. 

Express Highways in the United States: a Bibliography. 

Bibliography on Land Acquisition for Public Roads. 

Bibliography on Roadside Control 

REPORTS IN COOPERATION WITH 
UNIVERSITY OF ILLINOIS 

No. 3138 . Tests of Plaster-Model Slabs Subjected to Con- 
centrated Loads. 

No. 332 . Analyses of Skew Slabs. 

No. 345 . Ultimate Strength of Reinforced Concrete Beams 
as Related to the Plasticity Ratio of Concrete. 

No. 346. Highway Slab-Bridges With Curbs: Laboratory 
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